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e 'MILITARY GURRICULUM MATERIALS

" The military-developed curriculum materials in this coufse,
package were selected by the National Center for Research in
Vocational Education Military Curriculum Project for dissem
ination t0 the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible to vocational
educators in the civilian setting. ‘

The colirse materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the mlitary
were deleted. copyrighted materials were either omitted or appro-
val for their use was cbtained. These course packages contain
currigulun resource materials which can be adapted to support
. vocational instruction and curriculum development.




Mllltary

Curriculum Matenals
Dissemination is . . .

-
bk o e

"]
23
i
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Education and the Department of Defensé.
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deemed applicable to vocational and tech-

" nical education are selected for dissemination.
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Vocational Education the U.S. Office of
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scquire the materials and conduct the project
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rials with application to vocational and
technical education are identified and setected
for dissemination.
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Overview ‘ Th{rty Two-1

-7 OVERVIEW
BASICTELECTRICITY AND ELECTRONICS
MODULE 32

Intermediate Oscillators

In this module you will learn about several different types of oscillators. You
will Tearn how oscillator output frequencies are determined, maintained, and how
the oscillator circuit converts DC to AC. You will learn about regenerative
feedback and how it is used to sustain oscillation. Also you will become famil-
iar with the circuit configurations of the various types of oscillators and
their special-use. Besides learning about oscillators which produce sinusoidai
outputs, you will Jearn about osciTlators which provide other output waveforms.

[

This nodule has been divided intu five lessons:

. Lesson 1 Hartley Oscillators
Lesson 2 RC Phase Shift Oscillators
Lesson, 3 MWien-Bridge Oscillators
Lesson 4 Bilocking Oscillators
Lesson 5 Crystal Controlied Oscillators

1
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Thirty Two-J.

OVERVIEW
LESSON 1

Hartley Oscillators

In this lesson you will learn about Hartley oscillators and their a 1} : i
clectrnnics equipmnent. You will learn to identify schematics for sggie:aglgn "
shunt-fed Hartley oscillators, and become familiar with operation of these
circuits. You will learn to trace current flow in Hartley oscillator circuits
and learn about possible applications for this type of signal source.

The learning objectives of ;his lesson are as follows:
TERMINAL OBJECTIVE(S):

32.1.56 When the stuydent completes this lesson (s)}he will be able to
. IDENTIfY the schematic diagrams, component functions, and
Opefat1on71 principles of series-fed and shunt-fed Hartley
oscillator circuits, includina the accomplishment of phase
shift action, by selectina statements from a choice of four.
100% accuracy is reouired. .

ENABLING OBJECTIVE(S):

When the student completes this lesson. (s)he will be able tne

32.1.56.1 ' IDENTIFY the functions of an LC oscillator and its three sections
. by selecting the correct statement from a choice of four. 100%
accuracy is required.

32.1.56.2 1DENTIF({ the operating characteristics of Class A and Class C
oscillator circuits by selecting the correct statement from a
choice of four. 100% accuracy is required.

32.1.56.3 IDENTIFY the advantages of a Hartley oscillator by selecting the
correct description of .its characteristics from a choice of four.

100% accuracy is required.

32.1.56.4 - IDENTIFY the factors necessary to accomplish phase-shift action
in a Hartley oscillator circuit by selecting the correct state-

¢ ment from a choice of four. 100% accuracy is required.

32.1.56.5 IDENTIFY the function of components and circuit operation of-
series-fed and shunt-fed llartley oscillator circuits, qiven a
schematic diagram, by selecting the correct slatement” from a.
choice of four. 100% accuracy is required..

1DENTIFY the schematic diagrams of series-fed and shunt-fed Hart-
ley oscillators by selecting the correct name(s) from a choice of
-four. 100% accuracy is required. .

MEASURE and COMPARE the output freqiuency of Hartley oscillator
circuits, given a training ‘device, circuit boards, test equipment
and proper tools, schematic diagrams, and a job program. containing
reference data for comparison. Recorded data must be within limits
stated in the job program.

BEFORE YOU START THIS LESSON, READ THE-LESSON LEARNING OBJECTIVES AND PREVIEW
THE LIST OF STUDY RESOURCES 'ON THE NEXT PAGE.
4
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o
. SUMMARY

/// LESSON 1

Hértley Oscillators

This iesson explains the operatiun of the Hartley oscillator, a type of
uscillator commonly used in electronic equipments. One application fur

" this oscillator is providing frequency injection fur the mixer stage of

a superheterodyne radio receiver. When the oscillator is used in this way
it is called a local oscillator (LO). The Hartley circuit is also used

to provide a variable frequency in radiu transwitters and signal generators.

.

There are two types of basic Hartley oscillgtors...series and shunt.. Both
of these oscillators are discussed in subseZuent paragraphs and co$parab1e
AC circuit schematics are provided. The wajor advantage of a Hartfey type
oscillator is that it provides @ood frequency stability over a wide
range of frequencies and Produces a constant amplitude sine wave oniput.

Recall that one of the. requirements any oscillator is the necessity for an
in-phase regenerclive feedback voltage. In order to assure that the regencra-
Live foédback 15 in phase with Lhe input of the amplifying device, it 5
necessary to effect % 300 deyrce phase shift within Lhe oscillalor circuil,
This is discussed in detail in subsequent paragraphs relating specifically to
the Hartley oscillator. _ .

" Remember that the function of an osciTlator is to produce a constant amplitude
stable output signal., Recall also that unless the feedback is regenerative,
oscillations cannot be sustained. Since the purpose cf feedback is to compen-
sate for internal power loss, it is obvious that when the feedback is exactly.
in phase, Jess feedback is necessary to Overcome circuit losses. A difference
of a few degrees in the phase of the feedback either way still enables the
circuit to oscillate. The amplitude of the necessary feedback required to
sustain oscillation, of course, is much less when the feedback is exactly in
phase. The schematic diagram shown in Figure 1 is tiie AC equivalent of a
Hartley type oscillator.’

Figure 1

. AC EQUIVALENT-HARTLEY OSCILLATOR
6
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Study Resources . S o Thirty -Two-1
"""" LIST OF STUDY RESOURCES '
 LESSOR 1 N
Hart1ey=05c111at0rs' o

} ~ To learn the material in this Jesson. you have the option ¢f choosing. according ~
o, to your experience and prefeérences, any oF all of the following study resources:

Hriften Lesson presentation in:
. ’ , . -
Module Booklet: ' :

Summary . : - ’ _ : ’
Programmed Instruction
Narrative .

o

Student's Guide: ' : o
Summary
Progress Chegk, : _ ™~
Job Program Thirty Two-1, "Hartley 0Oscillators”

Additional Material(s):

— - “ ’ ) ' I

Enrichment Material(s):

Electronics Installation and Maintenance Book, EIMB, (Electronic Circuits) _
NAVSHIPS 0967-000-0120 __ , \

. -

A

o '

YOU MAY USE ANY, OR ALL, RESQURCES LISTED ABOVE, INCLUDING THE LEARNING CENTER
INSTRUCTOR: HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED TO
ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME, -~

=

\

5 ’ .—-' [
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Sumsary ‘ Thirty Two-1

\ oqcil]ating. Study the HartIey scheratic shown irn the Figure and notice
thet, the crimery of the trens‘orrer is ae51onate; 38 Lo ana the secomiars
section of the transformer is agesignatec as Lb Altnauch these grails have a
comrion point, mutual coupling still exists between them. Current which flows
.through 1¢c induces a voltage across Ly and produces transformer coupling
ackion comparable to the transformer coupling action of the Armstrong circuit,
This typr uf coupling zction is often referred to‘as’ﬂn "autotransformer
arlion”, —

Remember that the two major classificetions of Hartley oscillators are series
and shunt fed oscillators. Recall aiso that one of the characteristics of,
all oscillators is that the amplifier section of the oscillator must be
forward b12§ed in order to provide amplification. The schematic shown in
F1gure 314 that of a series-fed Hartley oscillator circuit.

+  Vee

Y

Figure 3

SERIES FED HARTLEY GSCILLATOR

E

Examine the schematic and notice that resistors R1 and R2 provide the forward
bias _for Ql.- Current flowing from ground to VCC places the forward bias

of Q1 at approximately D.6 volt positive. Remember that a forward bias is
necessary in ‘prder for the transistor to conduct and oscillation to begin.
Transistor current then flows from ground through the tank coil L., QI, R3

and then back to VCC. This creates a magnetic field around coil L which
induces a volfage into coil Lp. The polarity of the voltage across Lp

causes the forward bias of the transistor to increase, as does the-conduction
of the transistor. Transistor conduction then follows the voltage across

the tank. At the same time, the induced voltage in Lp and L

start oscillations in the tank ¢ircuit. The alternate charyging and discharging
of C2 causes an exchange of energy from the capacitor's electric field to - ~
the inductor’'s magnetic field. This interaction between the tank capacitor
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Phase shift in the Hartley oscillator is accomplished in a similar way Lo

that of the Colpitts oscillator. If you do not recall now the Colpitts
functions, please refer to Module 22, Lesson 4. The main difference between
the Hartley and the Colpitts is that the Hartley uses a-tapped inductor

to provide the 180° phase shift, whereas the Colpitts uses a capacitive
voltage divider. In the Hartley type oscillator the tank circuit is excited
by the voltage from the collector of the transistor. (ook at the schematic
and notice that the AC voltage at the bottom. of the coil is 180° out-

of-phase with the AC collector voltage of the.transistor. Waveforms are

shown on the. schematic in order to help you understand the operation of the
oscillator more readily. In this instance the inductance of the oscillator,
specifically Ly, may be considered as an inductive voltage divider. Notice
that the inductance in this example is center tapped. In actual practice the
tap may be somewhat off center. The actuyal location of the tap depends on the
agount of feedback which is required. Even though the tap may be somewhat off
center, sufficient feedback can still be provided to maintain oscillation in
the circuit. ]

Two simplified AC equivalent schematics are shown in Figure 2. These sche-
matics are for the Hartjey and the Armstrony oscillator.

—

HARTLEY : ' ARMSTRONG

Figure 2
AC OSCILLATOR EQUIVALENTS

In the case of the Armstrong oscillator, feedback is accomplished by trans-
former .action. MNotice that the output signal from the collector of Ql is
transformer coupled from L1 to L2 and back to the base of the transistor.
This in itself results in a 180° phase shift. The additional phase shift is
accomplished by the aclion of transistor. Phasing dots have been shown
on the schematic to emphasize the phase shift that gccurs in the transformer.
1f the connections of L1 §nd L2 are reversed,this prevents the circuit from

15
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Summary Thirty Two-1 -
The mwndified circuit is‘shown in Fiyure 4.

£

+ vt

RFC

Ct

. cn
 3R2

Figure 4
SHUNT TYPE HARTLEY OSCILLATOR

-

This is also the schematic of a shunt-fed Hartley oscillator. This type

of oscillator has better frequency stability. To further improve the perform-
ance of the oscillator, an RFC is used instead of a resistor for the collector
load. Because this device has little DC resistance and provides a large

AC reactance it keeps the‘oscilieting signal from entering the power supply
source and increases the DC collector workiny voltage. You undoubtedly
remember that AC entering the power supply source could cause interference
with other circuits using tlie same power supply as a voltage source. Using
the RFC as a collector luad is not unique to the shunt-type Hartley oscillator.
~ The RFC could also be used with a series fed oscillator circuit.

With series and shunt-fed Hartley oscillators, the transistors that are
used may be either PNP,; or NPN. These circuits may also be represented
schematically in a different way. .
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and inductor is sometimes called the "flywheel effect”.

The tank circuit has now been shocked into oscillation by the inductive action
of Lc and Lp. Remember that once the tank begins to oscillate it will
continue to oscillate @ long as sufficient regenerative feedback is provided
to overcome tank and circuit losses. In this case the tank signal is
inverted by Q1 and coupled through to the bottow of L ‘where the tank
inverts the signal another 180°. This provides the positive regenerative
feedback necessary to kcep the tank circuit oscillating. Remember that the
tank continues to oscillate as lony as sufficient regenerative feedback is
provided to compensate for tank and circuit power losses. You can see from
this exp]anat1on that an oscillator is basically a tank circuit, an amplifier
and a regenerative feedback Ppath.

Refer again to the Hartley schematic shown in Figure 3. When the oscillator
commences to oscillate, the base emitter voltage of Q1 drops to less than 0.6
volt. In some cases, this voltage may even be negative. The reason for .this
change in voltage is the charge on capacitor Cl. In other wordS, the capacitor
develops a voltage across it which opposes the transistor forward bias estab~
lished by Rl and R2Z. As you know, this reduces the forward bias of Ql. Refer
again to to the schematic shown in'Figure 3 and notice that the current passes
through coil Lc. Because the DC current flow through coil segment L.
increases the voltage drop across the coil, in some respects the coil acts
like a series resistor. Remember that increasing.the resistance of a tank
cpil reduces the Q of the coil and the tank circuit. There js one undesirable
cffect associated with this and that is that the tank bandwidth increases
\causmng the oscillator to operate at a frequency other than that wiich was
originally intended or desired.

frequency stability of an oscillator circuit depends on the ¢ of the oscillator ~
tank. With & high Q, good stability is provided, whereas a low Q tank produces
less stability for the oscillator circuit. A method commonly used to improve
‘the frequency stability of an osc¢illator circuit is to remove the DC current
from the tank circuit. This is accomplished by mov1ng the ground from the
bottom of the tank to the, emitter of (1.
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PROGRAMMED INSTRUCTION
LESSON 1

Hartley Oscillators

-
-

. *® ’ :
TEST FRAMES ARE 5, 10, 16, AND 20. PROCEED TO TEST FRAMg 5 AND SEE IF YOU

CAN ANSWER THE QUESTIONS. - FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME.

(:) In Module 22 you learned about basic oscillators, including various '
types, and the frequencies at which they operate.” You also learned about

A .
oscillator circuitry. The basic requirements for LC oscillator circuits

are shown pictorially in Figure 1.

1

TANK \/\

CIRCUIT

REGENERATIVE (+)‘ FEEDBACK

-Figure 1
LC OSCILLATOR REQUIREMENTS

The jdeas which are reflected pictorially in Figure 1 are basic to LC oscil-
“lator circuits. An LC'DSciIlétpr has a tank circuit, an ;mpIiner circuit,
and provisions %or regenerative feedback. The primary function of the tank
circuit is tb determine the oscillator frequency. The tank circuit may also
hrovide the proper phase shift: This wi}) be discussed fn greater detail in
subsequenf frames. The pqrpoég of the awmplifier section is to provide the

necessary 9ain and feedback volthgé to sustain oscillations in the tank circuit.

L
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Two additional examples of Hartley type oscillator schematics are shown
in Figure 5.

— AVee

RFC

SERIES

Figure 5
HARTLEY OSCILLATOR SCHEMATICS

As an exercise, trace. the DC current paths from ground through the transistor
Lo Vee 1n-order to verify the circuit names. One way of identifying the
Hartley type oscillator circuit from Other oscillator circuits is to determine -
whether the tank coil has been tapped. After you determine that the tank

coil is tapped, you can easily determine whether the oscillator is series

or shunt by tracing the current flow through the transistor. When the tank
circuit is in parallel, or in shunt with the transistor, the circuit is

a shunt- fed Hartley oé%illator. when the transistor current passes through
the tank coil, the circuit is a series- fed Hartley oscillator.

It is often necessary to determine the oscillating frequency of an osciliator.
You may have wsed an oscilloscope to make this detemination. Because

the oscilloscope does not provide the accuracy required, a frequency counter -
- 1s now the standard piece of test equipsent used for determining frequency.
The digital frequency counter is more accurate because it minimizes the
lvading of the oscillator circuit and provides a direct digital read-out of
the oscillator frequency. The digital frequency counter is crystal controlled
and is accurate to 1 part in 10° or I hertz in 100 MHz. One such frequency
counter which you will have an opportunity to use in the job program is

the AN/USM-207. . ' '

‘AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL SELF-
TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. .-IF YOU INCORRECTLY ANSWER
ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANWER PAGE WILL REFER
YOU TO THE ‘APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE
PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL,.OR MOST, OF THE LESSON, SELECT AND USE ANOTHER
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE}, OR
CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN ANSWER ALL SELF-
TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

. : 1 -

19
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from 1 Hz to thousands of megahertz. The actual amplitude and the specific
output frequency dépend on the equipment: application. However, all oscillators

“Strive for a constant amplitude and stable frequency output.

One of the functions of an oscillator is to
a. change-AC to DC
b. chaﬁge DC to AC

¢. increase the AC input

d. rectify the AC input

§ b. change DC to AC

(:) The amplifier section of an oscillator circuit is used to provide the
necessary gain and . feedback vé]tauﬂ to maintain tank oscillation. In ordef to
sustain osciliations. the feedback mqst-bc of the proper phase.  This Hgtans
that the feedback voltage must be shifted 180° before it can be applied to the
amplifier. fircuits which provide 180° phase shifts are common in LC oscilla-
tors. Some of the techniques which are used for obtaining this ppase shift

are depicted in Figure 3.

Figure 3
PHASE SHIFT TECHNIQUES

14 -
20
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The three essentia) sections of LC oscillator circuits are )

1. Tank Circuit
2. Amplifier

3. Regenerative feedback (in any prder)

(:) Previously you learned that the function of a power supply is to convert
AC to DC. The function of an oscillator is just the opposite. The oscillator
circuit takes a DC voltage and converts it to an AC output. This is shown

! , . R

pictorially in Figure 2.

\
_ D€l osciLLaTtor “"4-/.\_/
0 — WNAUT CUTPUT
]
. .
Figure 2\
. . OSCILLATOR 1€0

- At this point you may wonder why. it is necessary to convert DC to AC since.’_
we usuélf} ﬁave AC available from the power source. A1fh6ugh AC voltage is

' availablé from the line, its frequency is usually 60Hz. Electronic eﬁuipments

‘ require différent operating frequencies agg-Fhus many types of osci]lptbr

circuits are required. Oscillators provide output frequencies which range

ik | _ : 27
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Thirty Two-1

d. All of the above

Oscillator ¢ircuits may be désigned to operate with any of fhe amplifier
ciasses you studied in Lesson 2 of Module 31. -Each of the operating classes
has certain advantéges. For exawple, with Class A operation tﬁere is constant
ampliﬁ'er dévice conduction and a clean undistorted output waveform. prever;
from. an efficiency standpoint, this type of amplifier is least effjcient due
to its internal power loss. Although the Class C amplifier'conductg for less
than IBd:T‘this circuit provides the be§t_bower output. The disadvantage of
the Class C ampiifier is that th; output waveform is not as faithful a
reﬁroduction of the input as ip the Class A‘amp1ifier.l.Although Class A and
Class C amplifiers arq{frequently used, the:factor which determines which
class to use in oscillztor service depends 6n-the oscillator power output
requirement;- Whenever a high power output is required, Class C operation

is used. When the primary consideration is output waveform, Class A operation

is used.

T e N e kT o i T e bl ke e o bV ok A

no response required
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‘Notice that transformers may be used to provide a 180° phase shift in the
. oscillalor circuit. As you'examfne Figure 3 notice that phasing dots are
used to iﬁdiﬁate hoints with identical phase {n‘relatioﬁ to time. Note
specifically the schematic shown in Figure 3{a). With the input indicafed,the
sine wave associated witﬁ the priﬁary of the transformer produces an identical

phase signal at the dot, or B terminal, of the transformer secondary. This

phase shift technique is commonly used in the Armstrong type oscillator which

ybu studied in Module 22. The schematic shown in Figuré 3(b), shows a tank

circuit with a tapped inductance. This method is often used to provide
out-of-phase voltages from a tuned tank. 1n this insfance, Terminal A is 180°
out-of-phase with respect to terminal B. This is one of the techniques that is
often used with a Hartley type oscillator. The schematic in Figure 3(c), shows
a tuned tank circuit which uses two capacitors in order to.obtain out-of-phase
voltages. In this case terminal A is 180° out-of-phase with respect to
terminal B. The action is the same as indicated in the center schematic with

. the tapped inductance. The main difference iS5 that a iapped inductance is not
required. Recall that this technique was used with the Colpitts oscillator

which you studied in Lesson 4 of Module 22.

Which method(s) are used to provide 180° of phase shift in oscillator circuits?
Transformers ’
A tuned tank wjth tapped inductance
A tuned tank with two series-connected capacitors

A1l of the above
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a. change OC to AC
tank circuit, amplifier, and regenerative feedback (in any order)

3. a. regenerative

4, a. out-of-phase

*IF YOUR ANSWERS MATCH THE CORRECT ANSWERS GO ON TO TEST FRAME 10. IF YOUR
ANSWERS 00 NOT MATCH GO BACK TO FRAME 1 ANO TAKE THE PROGRAMMED SEQUENCE
BEFORE TAKING TEST FRAME 5 AGAIH. )

A type of oscillator which is oftemused in electronic equipment is the
Hartley osc111ater One common apé‘icatiOn of this type ‘of oscillator is
prov1d1ng frequency injection for the mixer Sstage of a superhetercdyne radio
receiver. When the oscillator 1s_used for this purpose it is sometimes called
a local oscillator (LO). Other applications for the Hartley circuit include
the variable frequency oscil]ator, or VFQ stage, in radio tra;smitters,and
signal generators. The advantage of u31ng a Hartley type oscillator is that

it has gobd frequency stability over a wide range of frequencies and

produces a constant amplitude sine wave output.

The main advantage of the Hartley type\qgsillator is it ‘provides
‘a. a constant amplitude sine wave output with good frequency
stability {
an increased output voltage with average frequenc} stability

variable output with a minimum of input regulation

. 1ittle frequency stability but provides a constant sine wave output

a constant amplitude 'sine wave output with good  frequency stability

18
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(:) THIS IS A TEST FRAME. AFTER YOU ANSWER THE QUESTIONS COMPARE YOUR- ANSWERS
WITH THE ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE QUESTIONS. -
1. Oscillétors function to

a. change DC to AC ) -
" b. change AC to DC
c. increase AC output voltage

d. shift’the phase of the input voltage

.
The three sections of an oscillator circuit are

1. f
2.
3.

In order to keep an oscillator circuit operating the feedback must be
~ a. regenerative

b. degenerative

c. out-of-phase-

d. zero

' : \
The phase of the signal at terminal A in the figure below is
. ‘.

with the signal at termninal B.

a. out-of-phase

b. in phage
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-center ofﬁthe tank, the AC voltage at éach end of the tank is 1B0° out-of-
phase in resgﬁq; to the common ground connection. Since the input to the
amplifier is fglt directly across capacitor C2, this voltage is 180° out-of{\
phase with tﬂe vq]tage at the collector end of the tank circuit. Therefore:
the total‘bﬁasei;hift 2round the loop is 360° and this causes. the circuit to
continue to oscillate. Remember the oscillator output frequency is determined
in this case by the inductor L1 and the series equivalent of capécitor €l and
c2. . '
The AC voltage across €2 is Qith the AC voltage across..

a. in phase, Cl "

b. out-of-phase, Cl

. €. in phase, C-E of 1

d. out-of-phase, B-E' of 0l

Figure 4 ~

‘@& -t GOLPITTS OSCILLATOR AC-EQUIVALENT

20
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b

- St

CE) In help yoﬁ understand the operation of the Hartley oscillator,a quick

review of the Colpitts oscillator is presented here.; Recall that ,you_stl.u'liet'l,»-“i

this circuit in Lesson 4 of Module 22, The equivalént AC circuit\ii shown

g

in Figure 4. Remember equivalent circuits omit bias voltages and some compo-

nents for ease in understanding the main point.

Figure 4
'COLPITTS OSCILLATOR AC~EQUIVALENT

Notice that voltage phase shifts are indicated at key points. Recall that one
of the key requiremen£s for a;; osciliator is that the regenerative feedback
voltage of the oscillator must be in phase with the signal on the base of
Q1.-The amplifier sbown in the Figure is for a familiar common emit?f; type
oscillator circuit. This type of circuit configuration produces léU° of
phase shift between the base and the collector signals. An additional 180°
of phase shift is accomplished by the tank circuit which is coﬁbriéed of L1,
€1, and €C2. The output signal from the collector of (1 excites the LC
resonant tank and produces tank qscillatiOns. Because AC ground is at the

.

19 .
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Recall _that the function of an oscillator is to produce a constant amplitude,
stable output signal. Remember that unless feedback is regenerative, damping

of the tank oscillations will occur. If the feedback is exactly in-phase,

little feedback is needed to overcome circuit ldsses and Sustaiﬁ oscillation.

A diffefence of a few degrees either way will still allow the circuit to
continue to oscillate. Of course, the amplitude of the feedback necessary to
sustain oscillation is much less when the feedback i5 in phase. The schematic

shown in Figure 5 is the AC equivalent of a Hartley oscillator.

Figure 5 _
HARTLEY OSCILLATOR-EQUIVALENT AC CIRCUIT

£




-
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Again refer to the schematic in Figure 4 paying partiou‘larl attention to
the tank circuit comprised of C1, CZ. énd Ll. Decreasing the capacitance of (2
will increase its reactance and this results in a greater voltage across the
capacttor. €2's voltage provides the regenerative feedback required to

sustain tank oscillations.

Cptimum regenerative feedback depends on the relationship, or ratio, of the
~ capacitance of Cl and C2. TQis factor in conjunction with the biasing compo-

nents also determines the oscillator class of operation.

The oscillator may be tuned by varying thé inductance of coil L1. Thus, the
LC tank circuit performs two functions in the Colpitts oscillator. First, it
determines the oscillator output frequency and second:’it provides the necessary
150° of phase shift. If you do not recall hoﬁ‘the Colpitts oscillator operates,

please refer to Module 22, Lesson 4.

F 1
The tank circuit in the Colpitts oscillator performs the function(s) of

a. providing 360° phase shift and rectifying output
b. determining oscillator output frequency and providing 180° phase shfft
c. providing degenerative feedback

d. none of the above

29
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q:) THIS IS A TEST FRAME, AFTER YQU ANSWER THE QUESTIONS, COMPARE YOUR
' ANSWERS WLTH THE ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOH*NG THE QUESTIONS.

1. A Hartley type oscillatprAprovides L
\a. constant output with a minimum of input regulation
b. an increased output voltage with average frequency stability
€. a constant amplitude sine wave output with good  frequency

stability

very little frequency stability but a constant sine wave output

2. tIn order for an oscillator to continue oscillating.the feedbuck voltage
must be

a. 90° out-of-phase with the oscillator output '

b; age quf-of—phase wiih the oscillator input

¢. 1in:phase wiEh the ;ank Qoltage

d. out-of-phase with the tank voltage

3. The tank circuit in the Hartley oscillator operates to.
a. maintain a damped output voltage |
b. provide a 180° phase shift and coﬁgfanfnoéc311ator output fréquency
¢. provide a 360° phase shift and rectify the output
d.‘lprovide a 90° phase shift to maintain a constant oscillator output
frequency i !

-------------------------------------------------------------- e e
v
v
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This oscillator accomplishes the phase shift action in a similar way to the

Colpitts. As you compare the circuit for the Colpitts and the Hartléy'you

can ﬁee.th;t the only real difference bgtween the two is tﬁét the Hartiey

oscillator utilizes -a tapped inductor Lo provide Lhe.laﬁb phase shift instead

of a capacitive voltage divider as used in the Colpitts. In the Hartley,:the

tank circuit is excited by the voltage from the collector of the transistor. _ _ \
Notice that the voltage at tﬁé bottom of the coil is 180° out-of-phase with

the collector of the transistor. To help you understand the operation of the

Hartley, waveforms are shown on the schematié. In the case of the Hartley,

the inductance, specifically L¢, ma} be considered an inductive voltage

diviger. Because the amount of feedback provided when the coil is center

tapped is more than required to maintain oscillation in the circuit, the

actual tap may be somewhat off-center. If the tap is moved toward the base

end of coil Li,the amount of feedback is reduced. In'this.manner optimum o

feedback amplitude can be provided to maintain circuit oscillation.

kY \ -]
) . -
The amount of feedback provided by the Hartley oscillator shown in Figure 5
depends on the ’
a. tap position on inductor Lt

b. value of capacitor C¢

- c. both of the above
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a constant amPlltude sine wave output with good Erequoncy stability.

in phase with the tank vo]tage

provide a 1B0® phase shift and constant oscillator output freqoency

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, GO ON TO TEST FRAME 16, IF YOUR
ANSWERS DO ﬂOT MATCH THE ANSWERS GIVEN, GO BACK TO FRAME 6, AND TAKE THE

PROGRAMMED SEQUENCE AGAIN, BEFORE TAKING TEST FRAME 10 AGAIN.

kS
b

q:) The simplified AC equivalent schematics shown in Figure 6 are for a

Hartley and an Armstrong oscillator.

-

HARTLEY ~ ARMSTRONG

Figure 6
AC EQUIVALENTS

Notice that in the Armstrong oscillator feedback is accomp1ished by transformer
action. ’The output signal from the collector of:QI is transformer coupled

from Ll to L2 and back to the base of the trans1stor In this case the
tranSistor produces the necessary 180° phase shift and this, combined with the
transformer }80° shift, produces a totat shift of 360°. Phasing dots have

been shown on the Armstrond scnematic.to show equivalent circuitry. Reversing
tne connections on L1 and L2 will prevent the circuit from oscillatfng. Now

look at the Hartley oscillator shown in Figure 6. In this case, the primary

26
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(:) Recall that one of the characteristics of allloscillators is that they

have a working amplifier circuit and that the amplifier must be forward biased
in order to provide amplif}cation. The schematic shown in Figure 7 is that ot

a series-fed Hartley oscillator circuit.
+ Vee

OUTPUTt—

Figure 7

SERIES-FED HARTLEY OSCILLATOR

Whea you examine Epe schematic you can readily see that R1 and RZ provide the
forward bias for Ql. Current which flows from ground to Vcc places the
forward bias of Ql at approximat‘ely 0.6 volts positi;fe. This forward bias is
necessary in order to cause thé transistor to conduct and oscillation to
begin. The transistor current then flows from ground through tank coil L,

Q1, R3, and thence to Vcc. This creates a magnetic field around'coil,Lc as

shown in Figure 8.

L

Figure 8

INDUCTIVE ACTION Le-Eb

28 :3€1




Thirty Two-1

e transformer is designated as L. and the secondary section is designatl
ed as Lp. Even though these coils have a common point, mutual coupling
still exists between them. Current fluving through L. induces a voltage
across Lp and produces a transformer coupling action just as with the
Armstrong circuit. This Lyﬁe of action is often referred to as "auto

transformer action".

The feedback in both the Armstrong and Hartley oscillator circuits is accom-
'pTished through

transformer coupling action

the internal action of Q1

the tank capacitor

none of the above

e e e S e e e S ke . ale e ey e . —

\

a. transformee coupling action

IQE) Up to this point the basic purpdse of the instruction was to acquaint
you with the basic principles which apply tp all types of oscillator circuits.
The remainder of this lesson will be concerned with the two basic types of
Hartley oscillators. The two major classificatibns for Hartley oscillators

are: series and shunt-fed oscillators.

The two types of Hartley oscillators are___

W e sl e ol e o e ey W e sl e W ol sl S ale ale e S ale sl e e S e ol S e S ale S S S sl S e S e ol e Ll Ty e L LT -

series and shunt or shunt and series




P.I1. ) - ' Thirty Two-I

Refer again to the schematic shown in Figure 7. The tank has been .

shocked into oeeillation by the induction action of L. and Lp. Once the
';ank beg%ns to osci]leie the voltage at the top of the'tank swings in a
negative direction. Tn1s reduces Lie fbrward bias on Ql and the magnetic
field around the inductance L1. The exchange of energy between the tank
coil and-capacitor produces a sige—wave voltage across:the tank. This
provides a positive regenerative feedback signai.to the base of the trans-
istor which is in phase wieh t?e‘tank éignaT? As a result of this, the
tank oscillations are reinforced. IAs yeu recall, once oscillatiom begins,
it continues as long as sufficient regenerat1ve feedback is provided to

compensate for losses in the OSC111ator

One functioq of the tap on L1 in the‘Hart1ey oscillator is to
| a. control oscillation frequenc; '
provide in phase feedback voltage to the tank
couple the feedback into the power supply

none of the above

.- previde in phase feedback voltage to the tank -

OUTPUT . -
Figure 7

SERIES-FED HARTLEY OSCILLATOR
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~ The magnetic ?ier around coil L. induces a voltage into coil Ly. See
Figure 8. ' This increases the forward bias of the transistor and increases
its conduction.
SimuTtaneous with'this acgi?n. the induced voltage in Iy and L starts
oscillation inside the tank circuit. The charge an& discharge of €2
causes an exchange of energy from the capacitor electric field to the
inductor magnetic field. This interactiaﬁ between the inductance and

i capacitor is sometimes called the "flywheel effect."

Interaction between an inductance and capacitor in a tuned circuit is

sometimes called the

e T A A P R A YA A S T TR A A WY A W e S g

.

flyvheel effect

Figure B

INDUCTIVE ACTION Lc-Lp
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Recall that the higher the Q of the oscillator tank,the greater the frequency

stability of the oscillator.

A high tank Q value in the oscillator circuit results in

less frequency stability -
the same amount of frequency stability
greater frequency stability

has no effect on frequency stability

- - - M - - -

c. greéter frequency stabil.ty
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q:) Again refer to the Hartley schematic shown iﬁ Figure 9, Once the oscilla-

tor begins to oscillate,the base-emitter voltage of Ql, as measured with a
voltmeter, drops to less than 0.6 volt: In fact it may even become negative.

The reason for this is the charge on C1. €l couples the tank signal to the
transistor base and jsolates thé tank from the direct current, or DC biasing
network.‘ Thus, the capacitor develops a_small voltage across it which opposes

“the transistor forward bias established by Rl and R2. This reduc;s the

positive base-emitter potential of Q1. The amplitude of the tank signal mugt
be sufficient to ensure ;ontinued transistor conduction. The conduction :

time of Ql determines the c]a;s of oscillator operation.

Again refer to the schematic in Figure 9. Trace the current flow from ground
through Ql. Notice that the current passes through coil Lg. This current
flow increa#es the voltage drop ac(gss the coil and the cail fﬁnctioﬁs like
a series resistor. You should recall that increasing the resistance of a
tank coil reduces the Q of the coil and the tank circuit., There is bne
undesirable effect associated with thiﬁ and that is the tank bandwidth
increases’causing the os;illator-to oscﬁllatg at a frequency Pther than

the frequency originalily dgsired.

+ Vee

"Figure 9 A

SERIES-FEDMIRTLEY OSCILLATOR
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o

sufficient to overcome internal signal losses of the ciruit and

. supply required.outbur power : "
a. XL/R

a. fincreasing the Q of the oscillator tank

-

IF YOUR ANSHERS MATCH THE CORRECT ANSWERS, GO ON TO TEST FRAME 20. IF YOUR
ANSERS DO NDT MATCH; GO BACK TO FRAME 11 AND TAKE THE PROGRAMMED SEQUENCE
BEFORE TAKING TEST FRAME 16 AGALN.

@:) The frequency stability of an oscillator circuit depends-on the Q of

the oscillg;or tank.' A high Q tank results in good stability whereas a
‘low Q tank produces less stability for the oscillator. circuit. hbne method
used to increase the frequency stab%lity is to remove the, DC amplifier‘*
current fromlphe tank circuit. By moving the ground from the pottpm of
the‘tank to fhe emitter of Qf, the DC'pat; is reﬁoved_from the tank. A

‘shun;- fed Haitley'oscillator schematic is shown in Figure 10. ‘ s
‘ + Vee

‘Figure 10

SHUNT-FED HARTLEY OSCILLATOR

34 fi()
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o

Q:) THIS IS A TEST FRAME, AFTER YOU ANSWER THE_bUESTIONS, COMPARE YOUR
ANSWERS WITH THE ANSWERS GIVEN AT THE TOP OF THE PAGF FOLLOWING THE QUESTIONS.
1. The amount of feedback necessary to keep an oscillator circuit oscillating
must be |
a. sufficient to overcome internal signal Josses of the circuit and

supply required output power

less than the signal losses of tha circuit,

greater than the signal losses of the circuit but less than the

output power..

Q of a coil in a tank circuit depends on the ratio of

XL/R

R/XL

R/XC

frequency stability of an osciliator tank may be increased by

increasing the Q of the oscillator tank.
decreasing the Q of the oscillator tank.
varying the @ of the oscillator tank.

none of the above.
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those already shown in this lesson. Two additional examples of Hartley

oscillator schematics are shown in Figure 1l.

'.-‘tVoc | —~pVee

SERIES

Figure 11

SERPIES/SHUNT HARTLEY QSCILLATORS

The characteristic'which distinguishes éhe Hartley type oscillator circuit

from other oscjllator circuits is the tank coil tap. Once ydﬁ determine that
the‘?ghk coil 1s fapped, you can easily determine whether the oscillator is
series or shunt by trating the current flow théough the transistor. When
theltransistor— current passes through the tank coil, the circuit is a series-fed
Hartley oscillator. In cases where the tank circuit is in parallel or in

shunt with the transistor, the circuit is a shunt- fed Hartley oscillator.

o A g om el o e . S b = = o

" no response required

{
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Now, the higher Q of the tank circuit improves the frequency stability of

the circuit. When you compare the schematics for the series and shunt-type
Hartley oscillators, notice that instea& of using a resistor for thé collector
load, the shunt circuit uses a radio frequency choke (RFC). Since this

device has little DC resistance and provides a large AC impedance, it keeps

the oscillating signal from entering the power supply source. (Vcc) and vaises
)

the DC collector working voltage. As you know, AC entering the power source
could cause interference with other circuits using the same voltage source.
The technique of using the RFC as a collector load could also be employed

with the series-fed Hartley oscillator.

An advantage of'using a radio frequency choke in the shunt type oscillator is
that the choke
a. has the advantage of 1ittle current drain
. b. provides a large DC resistance and a small AC impedance
is more stable due to an increased resistance

provides a large AC impedance and little DC resistance

T —— e ey o ke —— e e — —

d. provides a large AC impedance and little DC resistance

One additional point concerning series and shunt-type Hartley oscillators.
The type of transistors used in the circuits can be either PNP or NPN.

Further, there are other ways to represent the circuits schematically th.
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(:) Often it is necessary to determine the operating frequency of an oscilla-

tor. The'basic method used for making this determination is shown pictorially

in Figure 12.

IF

.

i

FREQUENCY
COUNTER

Figure 12
MEASURING OSCILLATOR FREQUENCY

The diagram shows a digital frequency counter measuring che local oscillator
{L.0.) frequency of a superheterodyne receiver. Previous methods for
determining oscillator frequency do not provide the accuracy requiréd.
Therefore the frequency counter is now the standard piece of test equipment
for frequency measurement. A digital frequéncy counter is more accurate
because it minimizes ioading of the oscillator and provides a Qirect read-out
of the frequency. Accuracy of the counter depends on the crystal controlled

.0scillator which is part of the counter. The accuracy of this type of test

equibment approximates one part in 108 or 1 hertz in 100 MHz. You will have

an opportunity to use a frequency counter as part of the job program associated

with this lessor. /[he frequency counter which you will yse is the AN/USM-207.

no response required
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L]

1. c. radio frequency choke
2. a. tank coil tap

3, ¢. no forward bias

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PROGRAMMED
INSTRUCTION FOR LESSON 1, MODULE THIRTY TWO. OTHERWISE GO BACK TO FRAME

17 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 20 AGAIN.

AT THIS POINT YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTZONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TQ THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WiTH. IF YOU
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDTO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. '
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@:) THIS IS A TEST FRAME. AFTER YOU COMPLETE THE QUEsTIONS‘CUMPARE YOUK
ANSWERS WITH THE ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE QUESTIONS.
1. In a shunt-type Hartley oscillator a _ may be used fdf the
“transistor collector load.
a. var;able resistance
b. wvariable capacitance

c. radio frequency choke

A distinguishing characteristic of Hartley type oscillators is the
a. tank coil tap.
b. variable frequency of the oscillator.

c. use of PNP transistors.

d. use of NPN transistors.

Study the circuit below and determine why it ddes not function.

Incorrect collector voltage
Improper tank tap
No forward bias

It should work
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v

Figure 2
PHASE SHIFT TECHNIQUE

To help you understand thé phase shift, phasing dots are shown to indicate
points at which the phase is identical. lotice that transformers are used
Yo provide a 180° phase shift. The transforrner schematic shown in 2A
illustrates that a sine wave input to the primary of the transformer
will produce an identical phase signal at terminal B of the transformers
secondary. This method of accompiishing phase shift through transformer
action is commonly used with the Armstrong type oscillator which you studied
in Module 22. The schematic in Figure 2B shows atank circuitwith a

tapped inductancewinding. This tank ¢ircuit provides out-of -phase
voltages across the inductance. In other words terminal A is
180°® out-of-phase with terminal B. This is a technique which is often used
with a Hartley type oscillator. Use of this technique with the Hartley
oscillator will be discussed in detail in subsequent paragraphs of this
lesson. The schematic shown as Figure 2C shows -a tuned tank circuit which
uses capacitors in order to obtain the out-of-phase voltaye. In .this case
terminal A is 180° dut-of-phase with respect to terminal B. Examination of
this schemati¢ shows that the output is identical to the output indicated on
schematic 2B which uses a tapped transformer. You probably remember
that this technique is used with the Colpitts oscillator wh1ch you studied
in Lesson 4 of Module 22.

Oscillator circuits may be designed to operate with any of the awplifier
classifications you studied in Module 31. lLach of the operating classes has
certain distinct advantages. Ftor example, a4 Class A amplifier provides
constant conduction with a cluan undistorted output waveform even though it
is not the most efficient typé of amplifier. The reason it is not efficient
is that.there is a fairly large internal power loss. A Class C amptifier
provides the best power output even though it conducts for less than 180°.
The main disadvantage of the Llass C amplifier is that the output waveforn
is not a faithful reproduction of the input waveform. C(Class A and Class C
ampl .fiers- are used most frequently in oscillators. The factor which =~
determines which classification of amplifier to use depends on the oscillator
power output requirement. The Class C amplifier is used where a high power
output s required and Class A is used when the #ain consideration is
stability of the output waveform.

42
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NARRATIVE
LESSON 1

Hartley Oscillators

In Module 22 you learned about the various types of oscillators and the
frequencies at which they operate. You also learned that there are three
basic requirements for all LC oscillator circuits. These requirements are
" shown pictorially in Figure 1.

REGENERATIVE (+) FEEDBACK ‘
TANK A \ r\’
CIRCUIT y

»
Figure 1

LC OSCILLATOR BLOCK DIAGRAM

hvery L osc111ator has a tank circuit, amplifier circuit, and provision for
regenerative, feedback. The purpose of the tank cimtit is to determine the

oscillator frequency and in many circuits it also provIdes the required
phase shift to the feedback voliage. .

In your previous study of power supplies you learned thaf in most -irstances
power supplies were used to convert AC to DC. One function of an LC

. oscillator is just the opposite. An oscillator converts a OC input into a

. stable,- constant amplitude AC output. You may wonder why it is necessary to
convert OC to AC since AC is usually available from the power source.
Although AC voltage is available, the only frequency available is usually 60
hertz. Since different types of electronic equipments require-different
operating frequencies, oscillators which-are capable of developing these -
frequencies are needed. (scillators may be designed to provide.output

" frequencies which range from 1 hertz to thousamis of negahertz. The actual
frequency depends on the specific equipwent application. To assure the
continugd oscillation of the tank circuit, feedback of the proner phase
. must be provided. Further, the amplifier section must provide the necessary
gain in voltage to maintain oscillation. Since the feedback voltage must
reinforce tank oscillations, circuits which provide 18D° phase Shifts are
common in LC oscillators. Some of the technigques which: are used-to accom-
Plish the phase shift are shown in Figure 2.

41
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»

Aga1n refer to .the schematic shown in Figure 3, paying particular attention
t the tank circuit comprised of Cl, C2, and L1. Decreasing the capacitance
" of C2 results in an increase in its reactaﬂce and -2 greater voltage across

ﬂhe capacitor. The voltage across this capacitor provides the necessary

generative feedback to sustain tamk oscillation. The oscillator frequency
i$, usually changed by varying the inductance of coil L1. In this example
the\LC tank circuit of the Colpitts oscilliator performs two functions.
Besiges determining the oscillator output frequency it also provides a 1B0°
phase, shift.

If you ao ot~ ‘remgmber how the Co]p1tts oscillator functions please refer to
Lesson 4 of, Modu]e 22.

Recall that the purpose of an osciilator circuit is to produce a constant
amplitude and stabie frequency output signal. Unless the oscillator output
is of sufficient magnitude to replenish internal power losses, the oscillator
will stop oscillating. When the tank feedback is exactly in phase with the
oscillator, less feedbdck is required to overcome internal power losses.
Even though the oscillator circuit will continue to osciilate when there is
a slight difference of a few degrees in the feedback to the tank, this is
not the most efficient application of regenerative feedback. Oscillation is
easier to sustain when the feedback to the tank is exactly in phase with the
tank oscillations. The schematic shown in Figure 4 is the AC equ: valent of a
Hartley type oscillator.

-~

et

fo = 2 Lt Ct

1

) Figure 4
_ EQUIVALENT AC CIRCUIT HARTLEY OSCILLATOR
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A type of oscillator thet is used quite frequently in electronic equipnent
is the Hartley oscillator. The Hartley oscillator is often used to provide
frequency injeetion for the mixer stage of superheterodyne radio receivers.
When the oscillator is used for this purpose it is usually called a local
oscillator {LO). The Hartley circuit is also used #s a variable frequency
oscillator (VFO) stage in radio transmitters and signal yenerators. The
Hartley oscillator has the advantage of good frequency stability over a
wide range of frequencics and the production of a constant amplitude output
sine wave. There are two major ctassifications of Hartley oscillators.
These oscillators are C]aSSIfIGd as ser1es or shunt depending on the actual
circuit configuration. 7

To help you understand the operation of the !llartley oscillator, a brief
review of how the Colpitts oscillator functions is included. Remember you
studied the Colpitts oscillator in Lesson 4 of Module 22. The schematic
shown in Figure 3 is the AC equivalent of a Colpitts oscillator.

Figure 3
AC EQUIVALENT-COLPITTS OSCILLATOR

Voltage phase shifts are shown with arrows at key points to help you under-
stand the ‘operation of this type of oscillator. The schematic shown in the
fiqure is for the fewiliar common emitter type oscillator circuit. This
type of circuit prodiuces o 180° phasce shift between the base and collector
ot the trensistor. An aduitioml [80° of phase shift is provided by the
tank circuit comprised of LI, and C2.: The total phase shift of this
circuit is 360° wiich prov1des the necessary regenerat ive feedback to
compensate for 1nterna1 povicr losses and Susta1n oscillation in the tank
C1rcu1t. -
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The remainder of this lesson explains the operation nf series and shunt fed Hartley
oscillators. The schematic shown in Figure 6 is for a series-fed Hartley oscillator
circuit, N  +Vee

R3

Figure 6
SERIES~-FED HARTLEY OSCILLATOR

Notice that Rl and P2 provide the forward bias for Ql. In this case current flow-
ing from ground through R2 to Vc¢ forward biases Ql at approximately 0.6 volts
positive. This forward bias is necessary in order for oscillation to begin. In
this case current flows fram ground through tank coil L., Q1, R3, and finally

to Vq The cyrrent flow creates a inagnetic field around coil L and induces
-a voltege into cofl Lp. As a result of this, the forward bias o? Q1 increases
and the transistor conducts more. The trans1ston$conduct10n will follow the
voltage across the tank. At the same tiue,the induced voltage across Ly
and Lo starts oscillations within the tank circuit. The charging and discharg-
ing o$ C2 causes an exchanue of energy from the capacitor electric field to the
inductor magnetic field. The interaction between the inductance and capacitor
is sometimes referred to as the "flywheel effect.”

Refer again to the schematic shown in Figure 6, Due tu the inductive action of L¢
and Lp, the tank circuit has been shocked into oscillation. When oscillation
begins,the voltage at the top of the tank swings in a negyative direction. This
reduces the forward bias of Ql and changes the magnetic field around L1. The
exchange of energy between the tank coil and the capacitor - produces a sine wave
voltage across the coil. Ql amplifies and inverts the tank sine wave voltage in
order t0 produce a feedback signal which is applied to the collector of the tran-
sistor. The feedback is coupled from the collector of the transistor through
capacitor C3 back to the tank circuit. Remember,the tank circuit alters the wave~
form 180° and the resulting feedback is in phase with the tank signal.




Narrat{ve ‘ // Thirty Two-1

Phase shifting in this oscillator is accomplished in a way similar to that
of a Colpitts oscillator. If you compare the schematic for the Colpitls and

"~ the Hartiey you-can see that the major difference between the two is that
the Hartley uses a tapped inductor to provitie a 180° phase shift whereas the
Colpitts uses a capacitive voltage divider,

Waveforms are shown on the schematic to help you understand the operation of
the Hartley oscillator. With this type oscillator, the inductance, specifi-
cally LT, may be considered as an inductive voltage divider. Although the
schematic shows the inductance as being center tapped, this is nol always
the case. The tap location on-the inductance may he somewhat off, center.
The location Of the tap.effécts the amount of feedback. More feedback is
obtained as the tap is moved toward the collector side of the.tank. The
main consideration in tap location is that optimum feedback be provided to

- allow for suitable power output and to compensate for internal power losses
of the oscillator. Too much feedback will overdrive the tank and cause
possible instabilily and waveforn distortion;too little feedback will cause
the oscillator to stall or stop ascillation. o

The schematics Shown in Figure 5 are simplified AC equivalents for Hartley
and Armstrong oscillators. .

~J

€ 1 -

Lt 1 Ct
Lp

HARTLEY " ARMSTRONG

*

Figure 5
AC CIRCUIT EQUIVALENTS

As you study the Armstrong circtit you can readily see that the oscillagor
feedback is the result of transformer action. In this example the output

signal of the collector of Q1 is transformer coupled from L1 to Lz and back

to the base of Ql. The transistor produces a 180° phase shift and this

shift combined with the transformer shift results in a total phase shift of

3602 With the Hartley schewatic.the transformer primary is L..The secondary

is designated -as Ly,. Though the coils have a common point, mutual coupling
§ti11 exists between the coils. Current flowing through L. induces a voltage

in Lp,producing transformer coupling comparable to that .Of the Armstrong circuit.

e

45 D
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Since the shunt Hartley circuit increases the () of the tank, it also improves
the frequency stability of the oscillator. As you gonpare these schematics
for the series and shunt-fed Hartley oscillators,notice that in lieu of using
a resistor for the collector load in the shunt circuit,a radio frequency
choke {RFC) is used. A radio frequency choke (RFC) has relatively 1ittle DC
resistance .and provides a large AC. impedance,thereby keeping the oscillator
signal from entering the power supply source. The choke also raises the OC
collector working voltage. Remewber AC entering a power source may cause
‘interference with other circuits using the same voltage source. -The technique
of using the RFC as. & collector Yoad may also be used with the series-fed
Hartley oscillator.

Several additional points concerning the two types of Hartley oscillators
are necessary., First, the type of transistors used in the circuits may be
either PNP or NPN and second there are different ways to represent the
circuits schematically other than those already shown in this 7esson.
Additional examples of Hartley type oscillator circuit schematics are
show iwv Kigure 8.

N

SERIES

Figure 8

HARTLEY OSCILLATORS

A characteristic which is often used to distinguish lartiey type oscillators
fram ather type oscillator circuits is the tank coil tap. After you determine
that the tank coil is tapped,you can readily determine whether the ascillatoi
is series or shunt by tracing the current flow through the transistor. In
cases where the transistor current passes through the tank coil, the circuit
is a Series-Fed Hartley. ln instances whe:r: *he tank circuit is connected in
parallel, or in shunt with the transistor,tre circuit is a shunt type

Hartley oscillator.
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Study the schematic and notice that the tank oscillations are reinforced by
feedback through C3 and recall that once oscillation begins it continues as
Tong as sufficient feedtack is provided to compensate for the output power
and Snternal power losses of the oscillator. After the oscillator begins to
oscillate the base-emitter voltage of Q1 drops to less than 0.6 of a volt.
In fact it may even become neyative. The reason for this change is the
charge on C1. Cl couples the tank circuit to the transistor base,thereby
isolating the tank from the direct current of the biasing network. The
capacitor develops a small voltage across it which opposes the transistor
forward bias established by Rl and R2. The capacitor voltage oppcses the
positive base-emitter potential of transistor Ol. Recall that the conduction
tine of Q1 will détermine the class of oscilfator operation.

Since transistor current passes through Le,this current flow increases the
voltaye drop across the coil and acts like a resistor in series with the
coil. You likely recall that increasing the resistance of a tank coil
reduces the § of the coil and tank circuit. The one undesirable effect of
this is that the tank bandwidth incrcases,thereby causing the oscillator to
oscillate at a freguency other than originally intended.

Since freguency stability of an oscillator circuit depends on the O of the-
oscillator tank, it is desirable to have an oscillator tank with a high Q.

A high () tank has good frequency stability,whereas a tank with a jow
has less stability. One nethod frequently used to increase frequency
stabitity is to remove the DC current from the tank circuit. This is
accompliished by moving the ground from the bottom of the tank to the emitter
of Q1. This in effect removes the DC path from the tank. This iS shown in

the shunt type Hartley schematic in Figure 7.
+ Ve

Figure 7

SHUNT-FED HARTLEY OSCILLATOR
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As part of the job program associated with this lesson, you will be required

to determine the operating frequency of an oscillator. Although you previously
used an oscilloscope to determine oscillator frequencies you will now usg a
digital frequency counter. The frequency counter is much more accurate

because it minimizes loading of the oscillator and provides a direct readout of
the oscillator frequency. The accuracy of the counter i$ controlled by an
internal crystal cortrolled oscillator. The accuracy of this type of test
equipment approximates 1 part of 10° or 1 Hz in 100 MHz. The frequency counter

which you will use as part of the job program is the AN/USM-207.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL SELF-
TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTTLY ANSWER
ONLY A FEW OF THE PROGRESS CHECK QUESTIONS; THE CORRECT ANSWER PAGE WILL REFER
YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY
THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF'YOU FEEL THAT YOU
HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICASLE), OR
CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN ANSWER ALL SELF-
TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

49
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32.2.57.6 MEASURE and COMPARE output waveforms and voltages of RC phase shift
osciNator circuits, given a training device, circuit boards, test
equipment and proper tools, schematic diagrams and a job program
containing reference data for comparison. Recurded data must be
within Timits stated in the job program.

IDENTIFY the faulty component or circuit mal function in a given .RC
phase shift oscillator circuit, given schematic diagrams and failure
symptoms, by selecting the correct fault from a choice of four.

100% accuracy is required.*

*FOOTNOTE: This objective fs considered met upon successful completion of the
Terminal Objective.

. BEFORE YOU START THIS LESSON READ THE LESSON LEARNING OBJECTIVES AND PREVIEW
THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.

4
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OVERVIEW
LESSON 2

_RC Phase Shift Oscillator

In this lesson you will/learn about RC Phase Shift Oscillators and their
application in electronic equipments. You will learn how phase shifting is
accomplished through the use of the RC network, and become familiar with circuits
which employ RC phase shift networks to sustain oscillation. You will learn '
about component functions in the RC o0scillator and why this type of oscillator
provides a stable frequency with a constant amplitude output signal.

The learning objectives of this lesson are as follows:
~ TERMINAL OBJECTIVE(S):

32.2.57 When the student completes this lesson,: (s)he will be able to
- TROUBLESHOOT and IDENTIFY faulty components and/or circuit malfunctions
# in RC phase shift oscillator gircuits when given a training device,
' prefaulted circuit board, necessary test equipment, schematic diagram,
, and instructions. 100% accuracy is required.

- ENABLING OBJECTIVE(S): ’
When the student completes this lesson, (s)he will be able to:

32.2.57.1 IOENTIFY the factors required to sustain oscillations in an LC or RC
' oscillator circuit by selecting the correct statement from a cho1ce
~of four. 100% accuracy-1s required. :

IDENTIFY the basic.principles by which phase shift is accomplished
in an RC phase shift network by selecting the correct statement from
a choice of four. _100% accuracy is required.

. 32.2.57.3 1DENTIFY the function of Curponents and circuil operation of an RC
phase shift oscillator circuit, given a schematic diagram, by select-
ing the correct statement from a choice of four. 100% accuracy is
required. .

IDENTIFY the methods by which the erquency of an RC phase shift
oscillator can be changed by selecting the cOrrect statement from a
choice of four. 100% accl?acy is required.

1DENTIFY the advantages of an RC phase shift oscillator by selecting
the correct description of its characteristics from a choice of four.
100% accuracy is required.
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SUMMARY
LESSON 2

RC Phase Shift Oscillator

When you previously studied LC oscillators you 1earned how the LC tank

circuit and amplifier accomplish a 360 degree phase shift, You also learned

that the purpose of this phase shift was to provide regenerative feedback

for the oscillator circuit. Recall that the purpose of regenerative feed-

back s to compensate for internal power l1osses within the circuit and that
without this feedback ‘the circuit u111 stop oscillating.

Other methods besides an LC tank gircuit may be used- in order to provide
phase shifting., One Such method for accomplishing the phase shift is to use
a series of RC networks, Remember that an RC network i's made up of a
resistor and capacitor. Also recall that the ICE rule of thumb states that
. the current through a capacitor leads the voltage across it by 90 degrees,
This means that 2 capacitor can cause a 90 degree phase shift, In actual
application, however, this amount of shift cannot be realized, This is due
to the fact that a resistance is required in the circuit in order to produce
an output voltage. Therefore, when a capacitor is combined with the resis-
tance,the maximum possible phase shift of the voltage across the resistor
may approach 9C degrees but cannot equal ft. - .

If you do not remember how phase shifting is accomplished by using an RC
network, refer to Tesson 2 of module 12.. Since one phase shift network
cannot accomplish.a 90 degree phase shift, it is necessary to use three or
more’ netwarks in order to achieve *he necessary 180 degree shift, A minimum
of three RC networks is generally used. The schematic diagram shown in
Figure 1 depicts a 3-section RC phase shift network,

Figure 1
3-SECTION .RC PHASE SHIFT NETWORK
- 84 .
60
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‘LIST OF STUDY RESOURCES
LESSON 2

RC Phase Shift Oscillatgg

To iearn the material in this lesson, you have the‘bption of choosing, accord-

ing to your experience .and preferences, an¥ or ail of the following Study
resources: : '

Written Lesson presentation in:
Module Booklet:

Summary
Programmed Instruction-
Narrative

Student's Guide:

CSwmary o e e
Job Program Thirty Two-2 "RC Phase Shift Oscillator"
Progress Check

Fault Analysis (Paper Troybleshooting) I.S.
Performance Test I.S,

Additional Material(s): o

Audio/Visual Program Thirty Two-2 "RC Phase Shift Oscillator”
Enrichment Material(s):’ : _ l

EIect;ggics Installation and Maintenance Book, EIMB, (Electronic Circuits)
N 096/-U00-0120 ’

%

L .

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING CENTER
INSTRUCTOR: HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARYILY REQUIRED TO
ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME.

53. el
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The schematic diagram shown in Figure 2 is that of an RC phase shift oscillator
circuit. ‘

Figure 2

RC PHASE SHIFT OSCILLATOR CIRCUIT
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For ease in understanding, each of the networks shown in Figure 1 shows a 60
degree phase shift. In actual practice, each of the RC networks will
accomplish phase shifts that are in the vicinity of 60 degrees. You may
encounter a phase shift network of this type, where two of the networks

effect a 75 degree phase shift and third network provides the additional 30
degrees of shifting. The most important thing for you to remember in regard
to this is that the three networks combined accomplish the 180 degree shift.
In addition to the schematic diagram, waveforms are shown immediately above
each of the RC networks. These waveforms are used to illustrate the concept
that the amplitude and phase of the input voltage is modified by each of the
RC networks. The waveforms show that the amplitude decreases with each
succeeding RC network. In addition to the waveforms, vectors are shown
immediately to the right of the schematic diagram. These vectors also
indicate the ciange of magnitude and phase shift provided by each RC network.
Even though a 60 degree phase shift is indicated, remember, in actual practice,
the phase shif may be somewhat more or -less’ than the 60 degrees shown. Also
recall that the total shift must be 180 degrees. You will sometimes encounter
four section networks, and these networks provide approximately 45 degrees

of phase shift per network.
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The schematic diagram shown in Figure 3 is that of a variable frequency RC
phase shift oscillator.

Figure 3

VARIABLE FREQUENCY RC PHASE-SHIFT OSCILLATOR

The addition of the ganged variable resistor allows the output frequency to
be varied over a limited range. Notice that the variable resistors are part
of the resistance ¢f the phase shift network. Another technique which is
sometimes used to vary .the oscillator output frequency is to use 9anged
variable capacitors. Remember”/tﬁioactual oscillating frequency of the
oscillator may be determined by substituting in the formula: Fo =

In .this example,the values of each of the RC networks is identical .2TYRCVE

The 0scillator Circuit shown in Figure 3 provides a pure, nondistorted
sinusoidal output waveform. Because there is no LC tank' circuit to smooth
the sine wave output, the oscillator must be operated in Class A service on
the linear operating region for the transistor.

You will have an opportunity to work with an RC oscillator type circuit when
you use the NIDA oscillator as part of your job program for this lesson.

58
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The circuit shown accump11shes a 360 degree total phase shift from base, to

" collgctor, to base. The RC network accomplishes 18C° Uegrees of the shift
whereas transistor Ql, in addition to amplifying the signai, contributes the
other 180 degrees of phase shift. The amount of amp11f1cat1on pr0v1ded by
the transistor depends on the transistor’s voltage gain. X

.

The phase shifting network of the schematic shown in Figure 2 consists of

" resistors R1, R2, R3 and capacitors Cl, €2 and.C3. Although each RC section
is capable of providing approximately 60 degrees of phase shift,in actual
practice the phase shift provided by each of the networks may vary.
Nevertheless, the three networks together pravide a combined shift of 180
-degrees. Component¢ other than those which make up the RC network are for a
standard common emitter type amplifiier. Forward bias for the transistor is
provided by the voltage divider frgm Vep to ground through resistors R3, RS,
and R6. This resistance network establishes a voltage at the base of Q1 at
ahout 0.6 volts positive in respect to the ground. In addition, a small
amount of negative feedback is introduced by connecting R6 between the
collector and base of Ql. This degenerative feedback improves the purity of
the sinewave output signal. RS functions as the collector load resistor for
Ql,. whereas the R4-C4 combination provides emitter stabilization action for
the transistor. Resistor R7 couples & portion of the collector’s signal of
Ql to the output terminals and isolates the oscillator from the load.
Concerning this type of c1rcu1try, it is possible to use either NPN or PNP
transistors. The output of this oscillator circuit must be sufficient to -
provide a regenerative signal of adequate magnitude to compensgte for
internal power losses of the oscillator. As you undoubtedly know, if this

- 18 not provided, the osc:]]ator will stop osc111at1ng

The output frequency of RC oscillators may be changed by chang1ng the values
of the resistors and capacitors which make up the individual RC networks.
Increasing the resistance or capacitance of the components which make up the
network results in a decreage in the output frequency. Conversely, a
decrease in the resistance ‘or capacitance of the network components results
in an increase in the output frequency. This relationship is shown by the
formula for the oscillating frequency.
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PROGRAMMED IMNSTRUCTION
LESSON 2

RC Phase Shift Oscillator

TEST FRAMES ARE 2, 7, 11, AND 17. PROCEED TG TEST FRAME 2 AND SEE IF vOU
CAN ANSWI R TIE QULSTIONS.  vOLLOW TIN DIRECTIONS GYVIN AFTCR THE TEST
FRAML.

(E:) When you previously siudied LC oscillators, you 1earned how he LC tank

circuit "and amplifier accomplish a 360 degree phase shift. You’ 1earned
that the purpoée of this phase shift was to provide regenerative feedback
fo{ the‘OScil%ator circuit. Remember that the purpose of the regenerative
feedback is to compensate for internal power losses within the circuit and
that without this feedback thé circuit will stop oscillating. The requfre-

ments for a basic LC oscillater circuit are shown pictorially in Figure 1.

Figure 1
BASIC LC OSCILLATOR

M
s

En this example the tank circuit determines oscillator frequency and
provides a 180 degree phase shift. The phase shift is shown by the waveforms

L

in the diagram.

- L]
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWEK ALL SELF-
TEST ITEMS CORRECTLY, PROCEED TO THE J0B PROGRAM. IF YOU INCORRECTLY ANSWER
ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE ANSWER PAGE WILL REFER YOU TO
THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS
OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. 1IF YOU FEEL THAT YOU HAVE
FAILED YO UNDERSTAND ALL, OR"MOST, OF THE LESSON,” SELECT AND USE ANOTHER
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE), OR
CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN ANSWER ALL

ST F-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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- (::) THIS IS A TEST FRAME. AFTER YOU ANSWER THE QUESTIONS, CUMPARE YOUR
ANSWERS WITH THE CORRECT ANSWERS ON THE TOP OF THE PAGE FOLLOWING THE
QUESTIONS. '

1. In a basic LC oscillator circuit, the LC tank and amplifizr each
provide _ _ degrees of phase shift.

a. 60

b, 9

c. 180

d. 360

To sustain oscillation, the feedback in an oscillator circuit must be

a, nmeutral. .

b. degenerative.

c. superlqiive.
d. regenerative.

Oseillator feedback is mecessary in order to
compensate for internal circuit power losses.
providg damping for the oscillator. --
provide —a forward bias for the oscillator transistor.

compensate for power surges.”
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In addition to providing the required amount of feedback, the amplifier
circuit provides an additional 180 degrees of phase shift to make the

feedback in phase with the tank voltage.

~

In a basic LC oscillator circuit, the tank circuit and amplifier circuit

each provide degrees of phase shift,
a. 90
b. 120
c. 180
d. 360 -
c. 180
69
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1. c¢. 180 degrees
2. d. Regenerative

3. a. Compensate for internal circuit power losses

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS GIVEN ABOVE YQU MAY GO TO TEST
FRAME 7. OTHERWISE, GO BACK TO‘FRAME 1 AND TAKE THE PROGRAM SEQUENCE AGAIN
BEFORE TAKING TEST ﬁEﬁME 2 AGAIN.

(::) Another method for accomplishing a phase shift is to use a series of RC

networks. In module 12 you learned that an RC circﬁit has the capability
of shifting.the phase of the voltage across the circuit components.
Remember that in a series resistive-capacitive circuit, current leads the
applied voltage. Stated in very simple terms, Ep lea&s Ein by some

phase éngle. ’It is possib]e.for one RC network to effect alimost 90 degrees
of phase shift, between Ep and Ein. The reason.why 90° of phase shift
cannot be achieved is that a mininum Circuit resistance in series with the

capacitor is required to develop a usable phase shift voltage.

The maximum amount of phase shift possible with a singlé RC network is
almost degrees.

a. 45
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____b. decreased

et = ———— -

¢
(::) Since 90° of phase shift cannot be provided with a single RC network,

three or more RC networks must te¢ used to accomplish 180° of shift. The

actual amount of phase shift provided by each individual network is dependent
on the value of the resistor and capacitor ¢of that particular network. The
total phase shift provided by a series of networks is equal to.the sum of

the phase‘shifts of each individual network. The sc;ematic diagram shown

in Figure 3 is a schematic for a two-section phase shift network. This
network is shown even though in actual pracfice a 180 degree phase shiftl

could not be accomplished using only two networks.

(e} Figure. 3
2-SECTION RC PHASE SHIFT NETWORK
- RN
Next to the schematic diagrd@ are vectors Showing the relative amount of
outpiut. in each phase. Notic.e thet the output voltage at Rl is leshs than
the-input voltage at Ejp, and the ontput at Epp is'stiil less than the |
output shown at Epj. Althéugh a total phase shift of 120 degrees fo} the
two ‘gtworks is ind{cated, in an actugl hppliCdtiOpfit cou}d_be somewhét '
more br -less. |

. R 7

N

¥
~
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A single RC phase shift circuit is shown in Figure 2. In addition

o

to the schematic, two sets of vectors are shown.

ER (e outh

SINGLE RC NETWORK LARGE PHASE SHIFT PRACTICAL PHASE SHIFT

Figure 2

The vectors immediate]y'to the right of the schematic show a large amount
of phase shift with a single RC network. The vectors shown at the far
right side of the Figdre show a riore practical phase shift with a single R
network. Notice‘that as fhe phase shift anyle approaches 90 degrees (Ep
to €§pn) the awplitude of [p becones less. The Ep vector approaches '
zero volts as the phase anyle between Ep and Ej, approaches 90°., The
amount of phase shift poésib!e usidg_ggg RC network is always less than (<)

900 *

As thke phase angle between Eg and Ejp increases, the amplitude of Ep
s

increased

decreased

doubted
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| Figure 4 shows a three-section RC phase-shift network.

JA\ A
—

°1 . c c;

————i
3

+

fFigure 4
THREE-SECTION RC PHASE-SHIFT NETWORK
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Since it is impossible for a single RC network to provide 90 degrees of

phase shift, it is also impossible for two networks to provide a total of

»

180 degrees of phase shift. Ffor th%s reason at least three RC networks

must be used in order to acconplish a 180 degree phase shift.

In order to accomplisﬂ 2 180 deyrec phase shift, a minimua of _ RC
network(s) ﬁugfnse used.

a. one

b. two

C. mthree

d. four
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(E:) THIS 1S A TEST FRAME. AFTER YOU ANSWER THE QUESTIONS,- COMPARE YOUR
ANSWERS WITH THE CORRECT AN?HtRS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE
QUESTIONS.

P .
1. When a group of RC networks are connected in series, the total phase

shift of the networks is equal to the of the individual network phase
shifts.

a. product

b. difference

C. square

~d. sum

2. The output waveform amplitude of an RC phase shift metwork is _
with each successive RC stage.

2. increased

b. rectified

c. held constant

reduced
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Phase.shift waveforns are shown'inmediately above‘each RC network in Fiéure
4, Amplitude reduction is also indicated by the varying size of the
vaveform. Remember, output amplitude decr?ases with each RC network. In
this example, the amplitude of the output at R3 is considerably less than
the signal initially applied to the circuit at Ej,. Although the vectors
and waveforms are not drawn exactly ta scale, they do illustrate the concept

of amplitude reduction and phase shift.
In the example, a phase shift of 60 degrees for each network 1S indicated.

Although the waveforms and vectors ﬁndicate that each network provides a 60
degree phase shift, in actual practice the phase shift of each of the RC
networks will vary. However, the total phase shift of three networks

connected in series is 180 degrees. For example, if RI-CI and R2-C2 each

effect a/éhase shift of 70 degrees, then the combination R3-C3 will Provide

!
an additional 40 degrees of phase shift.

[f two sections of a three section series-connected RC network provide 50
degrees and 60 degrees of phase shift respectively, the ghird section nust
provide ___ degrees of phase shift to achieve a total 180 degree shift.

60

70

80

90

b. 70
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SUuR
reduced
. 60 degrees
4, a. Cl-Rl
IF YOUR ANSHERS MATCH THE CORRECT ANSWERS GIVZN ABOVE, YOU MAY GO TO TEST

FRAME 11. IF YOUR ANSWERS DO NOT MATCH, GO BACK TO FRAME 3 AND TAKE THE
PRQGRAM SEQUENCE AGAIN BEFORE TAXING TEST FRAME 7 AGAIN.

’ . The frequency which produces 1&0° of phase shift in RC networks riay be

varied by changing the va]ue of the network resistors or capacitors.
. Recall that the total phase shift of a series of RC networks is the sum of

the phase shift of each individual network,

The schematic dizgram shown in Figure 5 shows four RC networks connected in
series. In this case each of the networks contributes apprbximate]y 45° ‘

of phase shift. RC phasé shift. networks with more than four séctions

are seldom used. The primary advantage of using additional RC networks is

increased circuit stability.

Cq 02_ Ca
It Jd L i

k1[ 1 | I I

Figure 5
FOUR-SECTION RC NETWORK
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REFER TO THE SCHEMATIC SHOWN BELDQ WHEN ANSWERING QUESTIONS 3 AND 4.

7

-

The phase shift provided by the network R3-C3 ie ________ degrees.

a. 90

b. 80

c. 70

d. 60
4. With the input waveform shown, the maximum signal amplitude bccurs at
the junction of

a. Cl-Rl

b. (C2-R2

c. C3-R3




m The schematic diagram shown in Figure 6 is that of an RC phase shift
N .

-oscillator. + vee

Figure 6
RC PHASE SHIFT OSCILLATOR CIRCUIT
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The main advantage of using more than three RC networks to effect a phase

shift is
a. more components can be used.
b. increased circuit stability.
c. less voltage is required.

d. DC can be used.

b. increased circuit stability
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RS 1s the collector load resistor for the transistor.

tach of the RC networks shown:in Figure 6 provides approximatel} —_—
degrees of phase shift and the transistor provides an additional
degrees of phase ﬁhift. '
a. 60, 90
60,
45,
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In this case, the phase shifting petwork consists of resistors RIJ RZ,and
R3 anﬁ capacitors Cl1, C2 and C3. ' This circuit uses the minimum number of
three RC networks to effect a 180 degree bhase shift. The remaining 180
degree phase shift is accomplished by the amplifier Ql. MNotice tﬁat these
components make up a standard, comnon emitter type anplifier, The gmp]ifier
circuit, by the 1nver£ing action of Ql, produces the gdditiohal 180 degrees
of phase shift required for oscillation to otcur. The RC network and Q1

each provide 180 degrees of phase shift. A total shift of 260 degrees ic

therefore provided by this circuit.

Trensistor Q1 provides degrees of phase shift,
a. 45
b. 90
c. 120
d. 180
d. 180

(::) Ref=r again to the scheratic shown in Figure 6. In this case, Q1
»
amplifies the signal appiied to its base and provides a 180 degree out-of=-
- phese signat ai its coliector. (Class A operation of the circuit is secured

by RS, R6 and R3 which provide about (.6 V forward bias for (1.

R4 and C4 provide the necessary emitter stability for the tramsistor. R6
s connected to the collector of i vice Vec. This arrangement_jintroduces
a small amount of degenerative feedback to the circuit:to improve the

purity of the output waveform.

75 ‘5‘3
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4
@ THIS IS A TEST/F,RAME.' AFTER YOU ANSWER THE QUESTIONS, COMARE YOUR
ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOR OF THE PAGE FOLLOWING

QUESTIONS.

4
P

REFER TO ‘I'I'HE.SCHEFATIC BELOW WHEN ANSWERING THE TEST QUESTIONS. \
i + VYoo
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three
180, 60

increases circuit stability

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS GIVEN ABOVE, YOU :*Y GO TO TEST
FRAME 17. IF YOUR ANSWERS DO NOT MATCH, GO BACK TO FRAME 8 AND TAKE THE
PROGRAMMED SEQUENCE AGAIN BEFORE TAKING TEST FRAML 11 AGAIN.

(::) Refer to the schematic shown in Figure 7.

— + Vee

Figure 7

‘RC PHASE SHIFT OSCILLATOR CIRCUIT

-
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1. The ocillator circuit RC phase-shift network is made .up of
individual RC section(s),
a. one g
two
three

—l,

four

~

2. provides degrees of phase shift and each of the networks

provides apﬁrOximateTy______ degrees of shift.
a.” 96, 60 |
b, 180, 45
c.' 90, 90
d. 180, 60.

-3. The number of RC networks in a 180° phase-shift circuit may be increased
in order to, o - \
a. use‘additional components.
reduce the amount of input voltage required.
incredse circuit stability..

create a larger phase shift. -
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The. output waveform of an RC oscillator isa_ _____ _ _ wave

* . ..
a. square o & .2

4

- sawtooth

. sine

peak .

S s s e A -

c. sine

_ The_: output frequency of an RC oscillator may be changed by changing

the'reSHStor or capacitor‘values of the individual networks which wmake up
the phase shift part of the oscillator. The schematic shown in Figure 8 is

that of a variable frequency'RC phase shift oscillator.

=¥Ycc

Figure 8

VARTABLE FRCQULNCY PHASC-SHIFT CSCILLATOR
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when power is applied, current flows through the circuit components ana Ql.
This current flow generates a type of electronic signal called "noise."
This noise signal is felt on the base of Ql, amplified, and shifted 180
degrer on the collector of the transistor. Because the noise signal

contains a number of frequencies,it is sometimes called "random in frequency."

A signal which contains a large number of random frequencies is often

referred to as a

"noise"

(::) Refer again to the schematic in Fiqure 7. The signal frem Q1's
collector is now fed through the RC phase-shift network and one of the
noise frequencies is selected and shifted 180°% ard returned to the base of
(1. This signal is in phase with the origini] input signal due to the
total circujt phase shift. At this time osci11ation begins, the frequency
is amplified and the cycle is repeated.‘ Nhenéver this happens the signal
amplitude is increased until‘fina11y a stablé operating level is reached.
The amplitude or operating level of ‘the output signal, is determined by the
transistor gain, Vcc, RC values, and other components which maﬁe up the

. circuit. The output approximates the sine wave developed by a good audio

signal generator which you have seen on an oscilloscope.

RC phase-shift oscillators provide stable sine wave output frequencic. in

" the 15 Hz to 200 kliZ range. The kiZ actual output frequency may be computed

by subsgituting values in the fornula: Fo = > éC - ; where R and C.are
the values of identical phase shift sections. WNotice the inverse relation
between R-C values and the oscillafing frequency. If R and C are increased

the ‘0scillating frequency decreases.
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Because the RC phase shift circuit has no tuned resonant circuitry, it is

less likely to

a. oscillate
b. damp
c. drift

d. shift phase

i~

c. drift

@ THIS IS A TEST FRAME. AFTER YOU ANSWER THE QUESTIONS, COMPARE YOUR

ANSWERS WITH. THE CORRECT ANSWERS GIVEN Oiv THE TOP OF THE PAGE FOLLOWING THE
QUESTIONS.

1. An RC phase shift oscillator provides a wave output.

a. sine
b. saw tpoth
c. peak
d. square
output frequency of a RC phase shift oscillator may be increased by
the value of the resistors or capacitors used in the ;
network.
decreasing, decoupling
decreasing, phase shift
increasing, decoupling

increasing, phase shift
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In this example, variable 9anged resistors are ysed to change the oscillator
output fqequency. It is also possibie to vary the output frequency by

Using gan;ed variable Capacitors.' Again refer to the schematic in Figure

9. By increasing the resistance of R1l, R2, and R3 the output frequency is
reduced. Reducing the values of the RC network resisters will ‘increase the

output frequency of the oscillator.

The output frequency of a variable frequency RC phase shift osciliator may

be increased by the value of the variable resistors.

-------------------------------------------------------- . o

decreasing

(::) Again refer to the schematic shown in Figure 9. wWhen the value of

capacitors C1, €2, and €3 is increased, the frequency of the oscillator.is
decreased. Of course reducing capacitance will increase the\frequency of the
- 0s¢illator. Study the schematic and make sure you undefstand how changing

the values of the RC network‘resistors and capacitors effects outpug:frequen-

CY. Notice that a PNP type transistor works just as well as the NPN type.

The output frequency of an RC phase shift oscillator may be varied by

-------------- S e e e etk ey ke T e e e e e e T e e et e ek

changing the values of the RC network resistors and capacitors

RC phase shift oscillators have several advantages over other types of
_oscillaters. Besides being simple, 1ightweight, and 1nexpensfve, the RC .
phase shift oscillator is very stable. This is due to the fqét that the
circuit has no tuned resonaef circuits and, therefore, is not as su;ceptible

-

to detunirg or drifting. g
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a. sine
b. decreasing, decreasing

b. 1increase

IF YOUR ANSKERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PROGRAMMED
INSTRUCTION FOR LESSON 2, MODULE THIRTY TWO. OTHERWISE GO BACK TO FRAME 12
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 17 AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSHER- ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY

ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE

WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU

CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF

YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON,

SELECT AND_USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL

MATERIALS ( IF AﬁPLICABLEl, OR CONSULTATION wITH THE LEARNING CENTER INSTRUCTOR

UNTIL YOU CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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.
e

REFER TO THE SCHEMATIC BELOW WHEN ANSWERING QUESTION 3.

-+ Yee

3. If C2 decrease;,assuming oscillations continued, the out-tt frequency

would
a. remain the same.
b. increase.

¢. decrease.
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The drawing shown in Figure'z illustrates how the LC tank circuit effects
the phase shift. This 180° phase shift is comparable to the phase shift
resulting from transformer action.

Figure 2
TANK CIRCUIT PHASING

f

Recall that in phase or regenerative feedback to the tank is required in order
for oscillation to take place. The feedback must also be of sufficent magnitude
to compensate for power losses in the tank and the oscillator circuit.

.Although regenerat ve feedback is necessary to trigger -and sustain oscillation,
the LC tank oscillator is not the only circuit used to-accomplish phase shifting .
and frequency selection. The phase shifting properties of a series of RC

networks may be used. A simple. single RC network is shown in Figure 3.

-~

|
1\ — >

Er (€ out)
b

e
-~

E in
/
Ec-

i

Figure 3
RC PHASE-SH.r'T CIRCUIT

The RC phase shift network has several advantages over the LC tank. Be.ides
being simple, lightweight, and inexpensive, it is also very stable. Because
it has no resonant circuit,it is less susceptible to detuning or drifting.

- 88 - :
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NARRATIVE
LESSON 2

RC Phase Shift Oscillator

In your previous study of oscillators you learned that there are three
essential requirements for each LC osciilator circuit. Each LC oscillator
has a tank circuit, an amplifier circuit and provision for regenerative

feedback. This is illustrated pictorially in Figure 1.

oAV

Figure 1

BASIC LC OSCILLATOR

Pay particular attention to the waveforms shown in the drawing. Notice

that both the amplifier and LC tank invert the waveform 180°. These
combined phase inversions result in a total 360° phase change. As a

result, the part of the amplifier output, which is returned to the tank

¢ -cuit, is in phase with the tank signal. This regenerative feedback
compensates for power losses within the tank circuit. .1f sufficent regener-
ative feedback is not provided to compensate for the power loss,the tank will
cease oscillating.
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In addition to the schematic diagram vectors showing the amount of cutnut at
each phase are shown. Notice that the output voltage at Rl is Jess than the
input voltage at Ejp, and that the output at Epp is still less than the

output at Lyy. ~ In this example, a 120° phase shift is shown, 60° for

each section. Notice that the output from Rl becomes tnae input to the second
network composed of R2 and C2. Study the vectors .associated with Figure 4
and notice the decrease in signal amplitude a5 the signal passes through

the RC network, If you have concluded that the decrease in amplitude must .
be compensated for, you are correct. Of course, the method used to compensate
for this decrease {is to use an amplifier with sufficient gain to provide

the required regenerative feedpack voltage,

In order to accomplish g 180° phase shift, it is necessary to connect a °
minimum of three RC phase shift networks ir series. Such a circuit configur-
ation is shown in Figure 5. —

. -\
_ ._cyélh_-' \
cs  f

'__‘__-..

| .
‘ .
\ ER2 . (ER
- .“,n*' (N .
Ra Eout g0° 8o
JL ' ()
—

Figure 5

THREE SECSION RC PHASE-SHIFT NETWORK

In addition to showing the circuit configuration, phase shift waveforms at ]
.various stages are indicated immediately above the RC networks. Notice "arti-
cularly that the amplitude of the output across R3 is significantly l¢ chan

~ . the signal- initially applied to the circuit at Ejn. The yectors shewn .o

the right hand side of the drawing indicate che amount of phase shift accomp-
lished by each of the RC networks and also show the reduction in ampiitude,
Notice that in the drawing each RC network shifts the phase of the voltage
applied to it approximptely 60°. Therefore, the three sections produce a
tota) of 1800 of phase] shift. In actual practice, the phase shift of each

RC snetwork may vary, hbwever, the tota) phase shift of the three networks

i
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In Module 12 you learned that an RC circuit has the capability of shifting
the phase of the voltage across the circuit components. Recall that in a

series resistive capacitive circuit, the current leads the voltage across

the capacitor by 90°, Stated quite simply Eg leads Ec by 90°.

Although it is theoretically possible for one RC network to effect almost
90° of phase shift, this is not true in actual practice. The reason’

for this is that a minimum circuit resistance is necessary to develop a
usable phase shifted voltage.

. . e
Because a 90° phase shift cannot be effected with a single RC network, at
least three RC networks must be used to cause the required 180° phase
shift. The amount of phase shift provided by each network is dependent on
the value of the resistor and capacitor of the network in relation to the
applied frequency. The total phase shift of the networks is equal to the
sum of the phase shifts ¢of each individual network.

The schematic diagram shown in Figure 4 is for a two section phase network.
Although a two section RC network cannot achieve a 180° phase shift,under-
standing how the two section RC network works will help you understand the
theory -of RC network operation.

T

€2

e

—

—

Figure 4
TWO SECTION RC NETWORK
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emitter stabilization action for Ql. R7 couples a portion of the collector
signal of QI to the output terminals. The DC collector voltage on Ql is (
approximately one-half the value of Vg¢ for class A operation. The signal-
applied to the base of Ql results in a 180° out-of-phase signal on the Q1 {
collector. Since the RC network provides a 180° phase shift and because

Ql provides an additional 1B0O phase shift, the total phase shift provided

by this circuit is 360°. When power is applied, current flows through Ql. -
Thiscurrent yenerates a type of electronic signal called "noise". Noise
contains many frequencies put only one is the desired frequency. The noise
“signal, at.the base of Ql, is amplified and shifted 180° to the collector

of Ql. The noise signal from the collector of Ql is then fed through the

RC phase shift network. The RG phase shift petwork shifts the desired
frequency exactly 180° and provides an in-phase signal to the base of the
transistor. At this point the oscillation process begins and the single poise
frequency 1s aggin amplified, shifted in phase by Ql. and fed through the
three RC phase shift networks. This sequence is repeated until the amplitude
of the sigral is increased and a stable operating level is reached. The
operating level is determined by the gain of the transistor, the RC values;
and other variables. The output of this circuit is 2 sine wave frequency
which is almost pure in form. 1t approximates the stne wave generated by

"an audio signal generator which you have observed on an oscilloscope.

RC phase shift oscillators are normatly used to provide stable, fixed
frequency sine wave output signals in the 15 Hz to 200 kHz range. The
actual Greouency of operation may be determined by the followng formula:

fFo= , where three identical phase shift sections are used.
2TTRCVE '
~ The frequency of RC oscillators may be changed by changing the values of
the resistors and capacitors which make up the RC networks. If either
the resistance or capacitance of the components in the phase shift section
are increased, the output frequency decreases. A decrease in the resis-
tance orycapacitance of the RC phase shift petwork components results in
an increase in the output frequency.
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connected in series is 180°, For example, if networks R1-C1 and Rz-C2 each
provided 75° of phase shift the R3-C3 network would provide the remaining
30° of shift necessary for a total 180° shift. Some RC phase shift
oscillators use four RC networks to accomplish a 180° shift. In this case,
each RC network produces approximately 45° of phase shift. RC phase shift
networks with more ihan four sections are seldom used. The advantage of
using more RC networks is increased stability.

The schematic shown in Figure 6 is that of an RC phase shift oscillator.

+ Ve

Rg

fo -
2Mac\s

Figure &

RC PHASE SHIFT OSCILLATOR CIRCUIT

The phase shifting network of this circuit consists of equal vaiue resistors R1,
R2, R3, and equal value capacitors C1, C2, C3. In this example, vach section

. produces approximately 60° of phase shift. The renaining circutt componenl:,
make.up a standard common emitter amplifier. Let's briefly review the function
of these components. Forward bias for the transistor is provided Ly the voltage
divider from V¢c to ground through RS, R6 and R3. This resistance network™._
establishes a voltage on the base of Q1 at about -6 volts positive with respect
to ground. RS acts as the collector load resistor for Q1, and R4-C4 provides
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Narrative

AT THIS POINT YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL SELF-
TEST ITEMS CORRECLTY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY ANSWER

ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE WILL REFER
YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YQOU CAR RESTUDY THE

* PARTS OF THIS LESSON YOU -ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YQU

HAVE FAILED TD UNDERSTAND ALL, OR MOST, OF THE LESSDN, SELECT AND USE ANOTHER
WRITTEN MEDIUM DF INSTRUCTIDN, AUDIOQ/VISUAL MATERIALS (IF APPLICABLE), OR
CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN ANSWER ALL SELF-

TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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The schematic shown in Figure 7 is that of a variable frequency RC phase
shift oscillator. ‘

Figure 7
VARIABLE FREQUENCY RC PHASE SHIFT OSCILLATOR
The addition of a ganged variable resistor allows the-output frequency to be
varied over @ limited range. Notice that the ganged variable resistors are

part pf the tota) resistance of the phase shift network.

Another technique sometimes used to vary the oscillator output frequency is to
use ganged variable capacitors.

The oscillator circuit shown provides a pure, non-distorted, sinusoidal output
waveform. Since there is mo LC tank circuit to smooth the sine wave owtput,
the oscillator inust be operated in Class A service on the Tinear cperatlng
reg1q\ for the trans1stor.

As part of the Job program associated with this lesson you will have an oppbrt-
unity to examine the operation of this type of circuit. You will yse the NIDA
oscillator trainer to familiarize you with the RC phase shift oscillator circuit.

93
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OVERVIEW
LESSON 3 , . S

Wien-Bridoe Oscillator

In this Tesson you will learn about the Wien- -bridge oscillator. You will learn
how phase shifting is accomplished in this type of oscillator circuit and learn
why this type of oscillator is used in test equipment and signal .generators.

You will also learn how the yvarious coMponents function within the oscillator and
how this type of oscillator provides apuresine waye output with excellent fre-
quency and amplitude stability.

The learning objectives of this lesson are as follows:
TERMINAL OBJECTIVE(S): St '

32.3.58  When the student completes this lesson, {s)he will be able to IDENTIFY
the schematic diagrams, component funct1ons and Operational principles
of various Wien-bridge oscillator cirouits, including the accomplish-
ment of phase shift, regenerative and degencrative feedback, frequency
variation, and automatic gain coatrol. 100% accuracy is required.

ENABLING OBJECTIVES:
When the student completes this lesson {s)he will be able to:

| 32.3.58.1 IDENTIFY the advantageous characteristics of, and typical applications
for, a Wien-bridge oscillator by selecting the correct statement from
a choice of four. 100% accuracy is required.

32.3.58.2  IDENTIFY the sections of a Wien-bridge oscillator which accomplish
phase shift and frequency selection by selecting the correct statement
from a choice of four. 100% accuracy is required.

32.3.58.3 IDENTIFY the components of @ Wien bridge which provide degenerative
and regenerative feedback by selecting the correct statement from a
choice of four. 100% accuraty is reduired. .

© 32.3.58.4 IDENTIFY the relative amplitudes of the two outputs of a H1en bridge
at varipus frequencies, given a schematic diagram showing the sizes
of components, by selecting the correct statement from a choice of .
four. 100% accuracy is required.

32.3.58.5 [IDENTIFY the methods by which the frequency of a Wien-bridge oscillator
may be changed by selecting the correct statement from a choice of
four. 100% accuracy is required.

32.3.58.6 IDENTIFY the function of components and circuit operation of fixed-
frequency, variable-frequency and AGC-type Wien-bridge oscillator
circuits, given a schematic -diagram, by selecting the correct statement
from a ch01ce of four. 100% accuracy is required.

- BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW THE
LIST OF STUDY RESOURCES ON THE NEXT PAGE.

9% _ T a
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SUMMARY
LESSON 3

' v
Wien-Bridge Oscillator

In your previous study of oscillators you learned how the Hartley oscillator

and the RC Phase shift oscillator atcomplished 360° of phase shift. Remember
that' this phase shift is necessary in order to prov1de regenerative feedback

to initiate and sustain oscillation.

The Wier-bridge oscillator also reguires 360° of phase shifting. With the
Wien-bridge oscillator, the phase shift is provided by two amplifiers.
Each amplifier accomplishes 180° of phase shift.

The bridde portion of the oscillator determines the output frequency and
maintains a constant output amplitude. Figure 1 shows the schematic of

the ‘bridge circuit together with block diagrams for the two amplifiers which
make un the remainder of the Wien br1dge circuit,

FiGure 1

WIEN-BRIDGE OSCILLATOR BLOCK DIAGRAM

Frequency selection in the llien-bridge oseillator is the result of the
resistive-reactive bridge circuit comprised of capacitors Cy and Cp

and Ry and Rp. The output of this circuitry is a single frequency,

with 2ero degree phase shift and maximum amplitude. All other frequencies
are effectively eliminated. The regenerat1ve output from the bridge circuit
is applied to the base of the transistor in the first stage of amplification.
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Study Resources

" LIST OF STUDY RESOURCES
LESSON 2 -

" Wien-Bridge Gscillator

Tu ledrn the material in this Tesson,'youlhaﬁe the option of chogsing,
according to your experience and preferences, any or all of the following
study resources: ' ‘ .

Written Lesson presentat ion in:
‘ﬁodule Booklet:

Summary

Programmed Instruction

Narrative *
Student's Guide

Summary
Pragress Check

Additional Material(s):
Audio/Visual Program Thirty Two-3 "Hien~Bridge Oscillator"

Enrichment Material{s): '
Electronics_lnstallatfcn and Maintenance Book (EIMB)(Test Methods and

Practices), NAVSHIPS 0967-000-0120
Basic Electronics, NAVPERS 10087-C

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ANOVE, INCLUDING THE LEARNING
CENTER INSTRUCTOR: HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY
REQUIRED TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK _MAY BE TAKEN AT

ANY TIME.
97
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for each other. This leaves only the resistance of Ry and R2. At this

frequency, the circuit is purely resistive, no phase shift occurs, with

the result that the output voltage is at maximum and is greater than the
degenerative voltage.

Refer to the right hand side of Figsure 2 and notice that when the output
frequency is at the oscillator fregyuency, the regenerative voltage is greater
than the degenerative voltade. Notice also that the degenerative voltage

is shown by the dotted line. -When the circuit operates at Fo, a maximum
regenerative feedback voltage is provided. Because this feedback is greater
than the degenerative feed. ack, oscillation occurs and is sustained. At
frequencies above the oscillator frequency {Fo), the reactance values are
reduced and C2 becomes the controlling reactance. Recall that in a parallel
circuit, the smaller resistance or reactan~e controls the circuit., Therefore,
since the reactance of C» controls the parailel combination of R2-C3,

this causes the output voltage to be less than that at the frequency of
operation.

The drawing shown in Figure 3 shows a redrawn version of the Wien bridge
circuit together with block diagrams for the two amplifiers which are part
of the total circuit.

o N\ FEEDBACK
L o v,
C1

Figure 3
WILN-BRIDGL OSCILLATOR -

The two outputs of the bridge circuit are identified as E out and Ep

out. E] is the output from the frequency determining section of the bridge
circuit and this regenerative output is applied to the base of the first
amplifier. Ep is the output from the voltage divider, is degenerative, and
applied to the emitter of the first amplifier stage.
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The remaining components of the bridge circuit, namely, R3 and R4 form

a voltage divider which provides a degenerative voltage. The output of
this circuit is applied to the emitter of the transistor in the first amplifier.
Because this voltage is applied to the emitter it opposes the regenerative
voltage applied to the transistor's base. Circuit osciilation occurs only
when the regenerative feedback .voltaue exceeds the degenerative feedback
voltage. The out-of-phase degenerative feedback voltage acts to requiate
the amplitude of the output voltage and improves the purity of the output
waveform. Changes in the ampiitude of the output signal are automatically
compensated for by the degenerative portion of the bridge ciruit. This

is pecessary to maintain the output amplitude 8t a constant level.

Figure 2 shows the schemati: for the frequency deterwmining network of the
Hien-bridge oscillator together with a drawing which shows the relationship
of the output voltage amplitude to the frequency of oscillator operation.

~ A, FEEDBACK
_LEin VOLTAGE ' " DEGENERATIVE
c : / FEEDBACK

Ry " REGENERATIVE

FEEDBACK

. e -

Frequency of En—»

(b)

Figure 2
FREQUENCY DETERMINING NETWORK

‘The frequency of the oscillator is determined by the-formula 1+21T‘R1C1,
where Ryj=Ro and (1=Cp. In this example, and in many Wien-bridge
oscillators, R) ana Rz are equal value resistors and C] and C2 are

equal value capacitors. The output frequency of the oscillator ma; be changed
by increasing or decreasing the resistance or capacitance of R or C in the
frequency determinirg portion of the bridge. At frequencies below the oscil-
Jator freguency, the output amplitude of the RC network is less than the
output amplitude at the frequency of operation. This is due to the high
reactance of Cl. At one frequency the reactance of C1.and C» compensate

99
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*

!n the Wien-bridge oscillator circuff automdatic gain control (AGC) is used
in ordeg to maintain the output amplitude stability. This is shown in
Figure 5. ‘

15
L

+vee i

BRIDGE

Figure 5
WIEN-BRIDGE OSCILLATOR CIRCUIT WITH AGC

The control is accomplished by substituting & tungsten filament lamp ¥or

Rq in the degenerative voltage divider circuit part of the bridge. This

is shown in the schematic. The lamp is designated as DS1. The resistance

of the lamp varies as the temperature of its filament increases or decreases.
Any increase in the resistance of Rg (DS1) results in a higher degenerative
feedback voltage, whereas any decrease in the resjstance results in a smaller
degenerative voltage. The tungsteh lamp operates much like an AC voltage
regulator and maintains a constant output amplitude by varying the amount

of degenerative voltage applied to the emitter of tramsistor Q;. A thermistor
may be used instead of the lamp. 7This device is also temperature sensitive
and functions like the lamp. Thermistors are available with either positive
or negative temperature coefficients. The circuit application will determine
the type of thermistor.which is required. With the Wien-bridge oscillator, &
thermistor with a positive temperature coefficient is required.

- p
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The schematic shown in-Figure 4 is that of a conplete Wien bridge circuitl.

ERIDGE

Figure 4

WIEN-BRIDGE QSCILLATOR

-

In addition to the bridge circuity the two amplifier circuits which accomplish
the 350° phase shift are shown. MNotice that waveforms are also indicated
on"the schematic. Both of thé amplifiers in“this circuit are biased to
operate in Class A service. Recall that this class of operation causes the
trancistor to conduct during the entire input.cycle ‘and produces a distortion-
free output. ANotice particularly that the regenerative feedback is connected
to the base of Q1 and the degenerative feedback is cornected to the emitter

of the transistor. Recall also that the degenerative feedback opposes the
regenerative feedback applied to the transistor's base.

The function of the amplifier stage components is as follows: Foward bias
for trahsistor Q1 is provided by voltage divider R2/RS, while R7/R8 perform
the same function for Q2. RE and R1Q act as collector 10oad resistors while
R4 and RY are emltter resistors for Q) and Qo respectively. C3 functions as
the inter-stage coupling capacitor and C5 is the output coupling capacitor.
€4 1s the feedback cavacitor which coup]es a portion of the output 51gna1
back to the bridge circuit.
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PROGRAMMED INSTRUCTION
LESSON 3

Wien=-Bridge Oscillator

TEST FRAMES ARE 4, 11, AND 17. PROCEED TO TEST FRAME 4, AND SEE IF YOU
CAN ANSWIR THI QUESTIONS. FOLLOW THE DIRECTTONS ‘GIVIN AFTER THE TEST

_FRAME:

(::) In Lessons i and 2 of this module you learnéd how the Hartley oscillator
and RC phase shift oscillator accomplish 360° of phase shift. The drawings
in Figure 1 show the amount of phase shift contributed by eaoh section of

these osciTlators.

Figure 1
PHA§£ SHIFTING

Rememher that unless the phase shift is complete, or 360°, the regenerative

feedback will not fnitiate ~r sustain oscillation. If you do not recall
how the Hartley oscillator or the RC phase shift oscillator accomplishes the

360° phase shift, pPlease refer back to Lessons 1 and 2 of this module.

§
)
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] .
/Since the output frequency of the Wien-bridge oscillator may be changed
by changing the values of C) and C2, it is possible to have a variable
frequency Wien-bridge oscillator. The schematic for such an oscillator

is shown in Figure 6.

> v

s

Figure’ﬁ
VARIABLE FREQUENCY WIEN-BRIOGE OSCILLATOR

Notice that the circuit shown in Figure 6 is similar to-the circuit shown
in Figure 5 except Cy and C2 are ganged and variable which allows the

output frequency of the oscillator to be varied. When variable capacitors

are used in the Wien bridge circuit the frequency may be varied from several
Hz to over 200 kHz. Again refer to the $chematic shown in Figure 6 and

notice that PNP transistors may be used. Notice also the waveforms which have
been superimposed on the schematic to help you understand the operation of
the Wien-bridge oscillator circuit.

AT TH1S POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT You
CAN RESTUQY THE PARTS OF THIS LESSON YOU ARE HAVING OIFFICULTY WITH. IF YOU
FEEL THAT YOU HAVE FAILED TO UNOERSTAND ALL, QR MOST, OF THE LESSON, SELECT
ANO USE ANQTHER WRITTEN MEOIUM OF INSTRUCTION, AUOIO/VISUAL MATERIALS (IF
APPLICASLE), OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. -

I1]
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Each of the amplifiers in the Wien-bridge pscillator circuit provides

degrees of phase shift.
360
270
180

(::) The components which determine the output frequency of-a Wien-bridge
oscillator are shown in the dotted region,with block diagrams for the two

amplifiers which form the remainder of the oscillator circuit in Figure 3.

Figure 3
WIEN-BRIDGE NSCILLATOR
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In order to initiate and Sustain oscillation,an oscillator must provide
degrees of phase shift.
60,

180
270

(::) The Wien-bridge oscillator provides a sipusoidal output with excellent
frequency stability and a constant output amplitude. This oscillator is useq'
most frequently with test and laboratory equipment. To accomplish the necessary

360° phase shift, the oscillator uses two amplifiers. This is illustrated

pictorially in Fiqure 2.

Figure 2
. WIEN BRIDGE PHASE SHIFTING

Notice that each of the amplifiers provides 180° of phase shift, thus
the regenerative feedback, which is necessary to sustain oscillation is
shifted a full 360° and-is in phase with the input.
105 ‘
1135
s

L3
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The frequency selection portion of the circuit is made up of CI, C2, RI,
and R2. This oscillator uses a resistive-reactive bridge circuit to
select the oscillator frequency. This will be explained in greater detail

~in subsequent frames. )

The primary purpose of the resistive-reactive bridge circuit in the
Wien-bridge oscillator is to

providé regenzrat ive feedback

provide degenerative feedback

determine oscillator frequency

filter the circuit output

o o o o o o S e, ot

-

1
c. determine ojcillator frequency
_‘n
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amplifier
360°

bridge

IF YOUR ANSWERS MATCH THE CORRECT ANSHERS YbU MAY GO TO TEST FRAME 11
OTHERHISf GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE AGAIN BEFORE,
_ TAKING TEST FRAME 4 AGAIN.
' (::) The schematic diagram sh?wn in figure 4 is that portion of the Wien-
bridge oscillator circuit which determines the output freduency and alsc

provides degenerative feedhack to maintain a constant output amplitude.

FEEDBACK

—

REGENERATVEgm, (\ , .

_ DEBENERATIVE o U

Figure 4
:HIEN BRIDGE COMPONENTS

The resistive capacitive voltage divider of the bridge circuit consisting
of Rl, €1, R2 and (2 determines the output frequency of the oscillator.
In this example, and most Wien-Bridge oscillators, Rl and R2 and C1 and C2

are of equal value.

Resistors R3 and R4 form a resistive voltage divider to provide an out-of-

phhse degeneratﬁye feedback voltage.

110
116 ¢
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! THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND COMPARE YOUR ANSHERS
WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE QUESTIONS.

1. A Wieh«bridge oscillator accomplishes the necessary phase shift with
a. RC networks |
b. tank circuits
¢c. amplifiers
d. rectifiers N
2. A phase shift of .. ' degregs'is necessary to initiate and to
sustain oscillation. | |
a. 90
b, 180
¢c. 270

d. 360 k

output frequency of a Wien-bridge oscillator is determined by the

circuit,
bridge
amplifier
rectifier

decoupling
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The output frequency may be increased by decreasing the resistance or
capacitance. Increasing the.resistance or capacitance results in a

aecrease in the output frequency of the osciliator.

,
The output frequency of a Wien-bridge osciliator may be increased by
the resistance or capacitance of the bridge circuit.
a. increasing

b. decreasing

b. decreasing

(::) The degenerative feedback. of the Nien-Bridge oscillator circuit is

provided Ey the resistive voltage divider consisting of resistors R3 and
Ry, This is shown in Figure G. 7

< F:-:_Eogacx _

REGENERATIVE *|

Figure 6
DEGENERATIVE FEEOBACK NETWORK
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A Wien-bridge oscillator uses a circuit to accomplish freguency

selecéion.
transforner
LC tank
resistive-capacitive bridge -

inductive-capacitive bridge

resistive-capacitive bridge

The schematic shown in Figure 5 is the portion of the bridge section

of the oscillator circuit which determines oscillator frequency.
_T_Einr\"
Ch

Ry

Eout ~v -

—_0
Ro Co -J;

Figure 5
FREQUENCY CETERMINING NETWORK

The frequency of the Wien-bridge oscillator is determined by the formula

1 . .
Fo * =R Where R and C are the components in the serie§ or parallel leg

of the bridge ( usually Rl equals R2 and Cl equals CZ);

nd 19
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Figure 7 shows the frequency determining components of the Wien-bridge

oscillator, an equivalent RC network and a diagram which shows the -relation-

ship of the output voltage compared with the output  frequency below Fo.

iEin -,
Cy )

(lsading)

BELOW Fo

0
Frequency of Ein—"

1

Figure'?
EQUIVALENT rIRCUIT BELOW Fo

The action of the RC frequency determining components will now be explzined.
These components act in a manner which provides one output frequency that
. has a maximum amplitude and zero degrees of phase shift. Let's see how this

is accomplished.

At frequencies below the oscillator Fo, the output from the RC network
will be less than maximum with a leading phase angte. This is primarily
. due to the high reactance of CI and can be understood by noting the

approximate values on the diagram. Notice in 7(a) that the reactance of CI

becomes larqer‘than the resistance of RI. This makes the R-C circuit appear

Tike the eauivalent of Figure 7(b}, where most of the voltage is droppéd across CI.
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This divider forms part of the bridge circuit and its output provides the

input voltage to the emitter of the transistor in the first amplifier.
Since this voltgage is applied to the emitter it opposes the voltage

applied to the transistors base.

Oscillation occurs in this circuit only when the regenerative feedback
voltage exceeds the degenerative feedback voltage. The out-of-phase
degenerative feedback voltage acts to regulate the arplitude of the output
voltage and improve the purity of the vaeform. Any change in the ampli-
tude of the output signal will be automatically compensated for b} the

degenerative portion of the bridge in a manner that will help to maintain

output amplitude constant.

»

Degenerative feedback acts to the output\amplitude.
regulate
dissipate
amplify

-increase

regulate
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At frequenciesﬁibove Fo, the output voltage fs less than maximum because
of the low reactance of capacitor © e

a. (1
b. -C2

B. (2
The‘schematic for the frequency deten}l'ining portion of the bridge

circuit, the equivalent RC circuit, and a diagram showing the relationship

of voltage output/and oscillator frequency at Fo is shown in Figure 9.

i
]
1
|
1
|
1
i
1
1

Frequency of Ein—e
Figure 9

EQUIVALENT CIRCUIT-Fo

116

122
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At frequencies below the oscillator $requency, the output voltage of the

RC network is (1ess than/g}eater than} the output voltage at Fo.

_—

- e U A U i A -

less than -

. (::) Figure 8 shows the frequency determining bridge circuit together with

;i the equivalent RC circuit for frequencies above the operating frequency of

the oscillator.

.jiEin o
C

KN

R1  (logging)

‘Frequency of Ein—

L
CzI AROVE Fo
' 4
|

(b)

Figure 8
EQUIVALENT CIRCUIT ABOVE o

Now let's examine the RC network at frequencies above the oscillator
frequency of Fo. The values of the reactance are considerably reduced at
these higher freguencies, and capacitor C2 becomes the controll%ng
'reactance. Remember that in a parallel circuit, the smallest resistance
or reactance controls the circuit. Hence the reactance of C2 controls the
parallel combination of R2-C2 and causes the output voltage to become less

than that at Fo with a lagging phase angle,

115
123
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@ THIS 1S A TEST FRAME. ANSWER THE TEST QUESTIONS AND COMPARE YOUR
ANSWERS WITH THE ANSWERS GIVEN AT THE TOP OF THE PAGL TOLLOWING THF TEST
QUESTIONS.

REFER TO THE SCHEMATIC DIAGRAMS SHOWN BELOW WHEN ANSWERING QUESTIONS 1,

.jiEin
Ci

KO

1. The circuit which provides maximum AC voltage output is
one
two

three

2. Which circuits will provide an output voltage which is less than the
voltage at Fo?

a. one;two

b. two-three

c. one=three
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At Fo, the reactance of Cl and C2 compensate for each other, leaving only-
the resistance of Rl and R2. Since this equivalent circuit is purely
resistive, no phase shift occurs. The output voltage is maximum at this
time and greater than the degenerative voltage output from the other Teg
of the bridge. Since the circuit is operating at Fo,a maximum regenerative
feedback voltage is provided. Since this feedback is greater than the

degenerative feedback, oscillation occurs and is sustained.

Study the diagram on thé bottom _ of Fidure 9 in order to answer the

)1 1owing question.

Maximum feedback voltage is achieved
below output frequency -
above output frequency

at the oscillator's output frequency

at the oscillator's output frequency
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1Y

ane
. two-three

decreasing

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TLST FRAME 17
OTHERWISE, GO BACK TO FRAMC 5 AND TAKE THE PROCRAMMEN SEQUENCE AGAIN

BEFORE TAKING TEST vRAME 11 AGAIN.

(::) The drawing shown in Fiqure 10 is & re-drawn Wien bridge circuit,

together with block diagrams for the two ampl ifiers which are part of the

total circuit.

: q FEEDBACK I |
|

Figure 10
WIEN-BRIDGE OSCILLATOR
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3. The output- frequency of the oscillator nay be increased by

the value of the resistors or capaciturs in the bridge circuit.
,a. increasing

Y. decreasing
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@ The‘ drawing shown in Figure 11 shows the re'lationships of the regenerative

and degenerative feedbacks to the output frequency (Fo). f

A

ozesnemm FEEDBACK

REGENERATIVE
=" FEEDBACK

FREQUENCY

Figure 11
FEEDBACK VOLTAGE OUTPUT: RELATIONSHIP

Degenerative feedback is shown with a broken horizontal l1ine. This voltage
is constant and is not frequency sensitive like the regenerativé feedback.

The regenerative feedback is shown with a solid line.

Recall tﬁat the amount of degeperative feedback is determipned by the
action of the resistive voltage divider made up of R3, and R4. This
degenerative voltage may be changed by changing the ratioc of R3 and R4.
The degeneratibe feedback voltage may be intcreased by increasing the

resistance of R4 or decreasing the resistance of R3.

~
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~

Notice that two outputs from the bridge are Shown identified as El and E2
out, E1 is the output from the ffequency determining portion of the
bridge circuit, i; regenerative and is applied to the base of the first
amplifier. £2 is the output from the voltage divider, is degenerative,

and is applied to the emitter of the first amplifier stage.

The output of the frequency determining network (£1 out) is regenerative
feedhack necessary to sustain oscillétion. The output of the voltage
divider (E2 out) is degenerative and opposes the input sidza1 to the
amplifier. This feedback ensures amplitude stability. Both types of
feedback are necessary in order for oscillation to occur at the seiected

frequency.

The Wien bridge uses both ‘ and Lype of feedhack in

order to oscillate properly and insure that oscillations occur only at the

selected output freﬁuency.
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Figure 12 shows the schematic for & complete Wien-bridge oscillator

ctrcuit. Besides the bridge circuit thevtwo amplifier circuits which

effect the 360° phase shift are shown (inside dotteleines).

BRIDGE

Figure 12
WIEN-BRIDGE QSCILLATOR

Both of the amplifiers are biased to operate in class A service. Remember
that this class of operation'cadses the transistor to conduct during the
entire input cycle and produces a distortion free output. Not'ice also
that the r:generative feedhact is connected to the base of Q1 and the
degenerat ive feedhack is connected t0 the emitter of Nl.  Remember that

thiﬁ feedback opposes the regenerative feedback applied to the base of

Ql.

In a Wien bridge circuit the feedback is connected to the

base of transistor Ql and the feedback is connected to the

emitter.,

a.” degenerative, regenerative

b. regenerative, degenerative

W - v v o v i

b. regenerative, degenerative
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Refer to the diagram and notice trat the degenerative feedback voltage
exceeds the regencrative voltaye at-all times except when the regenerative

feedback is in phase with the oscillators output frequency. Al this time

oscillation occurs. Whempver degenerative feedback exceeds regenerative

feedback,oscillation ceases.

Oscillation occurs vhen the regenerative feedback i$

the degenerative feedback.
greater than
equal to

less than

gréater than
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positive or negative temperature coefficient. The application detemmines
the type required. -The Wien-bridge 0scillator circuit requires the use of

one with positive temperature cdefficient. N

When the' currént through DS1 decreases,the resistance of the lamp

a.- increases
b. decreases

€. remains copstant

b. decreases

The schematic shown in Figure 14 is that of a variable frequency

Wien-bridge oéciljator. In this case capacitors C1 and C2 are ganged and

varying their capacitance results in a-variahlg output frequency.

> v

Cs

*VAR1ABLE FREQUENCY WIEN-BRIDGE OSCILLATOR
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(::) In order to maintain the output amplitude stability of the Wien-bmidge

oscillator, Autdmatic Gain Contro] (ACC) is used. Contrnl is improved by

substituting a tungsten filawent laup for resistor R4 in the voltage

divider circuit. This is shown in Figure 13.

BRIDGE
Figure 13

WIEN-BRIDGE OSCILLATOR WITH AGC

.o

increases, In other words 1t has a positive temperature coefficient. Any
increase in the resistance of R4 (DS1) results in a,ﬁigher degenerative

-feedback voltage. This means there is more opposition to the regenerative
feedback. A decrease in the resistance of R4 results in a smaller dégener-‘
ative feedback vbitage. In effect the tungsten Tamp functions like an AC
‘voltage regulatog and maintains a constant output amplitude. The lamp

4
may be replaced*with a "thermistor.". This device is also heat sensitive

and functions like the )amp. Thermis{ors are available with 2ither a

.

133
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72
(7) ™IS IS A TEST FRAME. ANSWER THE TEST QUESTIONS AKD COMPARE YOUR

ANSWERS WITH THE ANSWERS GIVEN AT THE TOP DF THE PAGE FOLLOWING THE TEST
QUESTIONS.

' Refer to the schematic shown below when answering questions 1 through 7.

"BRIDGE

1, The compeonents which determine the output freguency of the Wien-hridge
oscillator shown are

Q1, Q2, and R10

R3 and R4

R3, R4, R6, and Q1

R1, R2, C1, and (2

components, which determine the amount of degenerative feedback are

Rl and R2.

R3 and R4 (DS1).
R3 and RS,
R4(DS1) and Ré.




-
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By using variable capacitors,the oscillators frequency may be varied from

several Hz to over 200 kHz.

Refer again to the schematic and notice that PNP transistors may also be

used. Also notice the waveforms which have been superimposed on the

schematic to help you understand the operation of the circuit.

———————— - - T ——— T i - -

v
-

No response required
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1. d. Rl, R2, C1 and C2
2. b. R3 and R4 (DS1)
3. ¢.. DSI (R4}

4, c¢. 180

5. a. regenerative

6." b. degenerative

7. ¢. 180 degrees out of phase

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PROGRAMMED
INSTRUCTION FOR LESSON 3, MODULE THIRTY-TWO. OTHERWISE GO BACK TO FRAME-12
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 17 AGAIN,

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. 'IF YOU ANSWER ALL
SELF~TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS; OR -FRAMES SO THAT YOU

CAN RESTUDY THE PARTS OF TH!S LESSON YOU ARE HAVING DIFFICULTY WITH. . IF

YOU FEEL THAT YOU- HAVE FAIL:D TO UNDERSTAMD ALL, OR MOST, OF THE LESSON

SELECT AND' USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION AUD!O/?ISUAL MATERIALS
(IF APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

3
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The component which provides automatic gain control is
0l
RS

ps1 (R4}

R3

anq}QZ each provide uegrees of phase shift

A

60
90
180
360
What type of feedback is felt at the base of Q17
a. regenerative
b. degenerative
in phase
superfluous
feedbacklat the emitter of N1 is
regenerative
degenerative
in phase

superlative

7. The output waveform from the coliector of Q1 is Qith the
input waveform

in phase

90°% out- of- phase

180° out- of - phase

270° out- of- phase
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The Wien-~bridge oscil lator uses a resistive-reactive bridge circuit to
select a single osc(llator frequency. This circuit,together with block
diagrams for the two amplifiers which form the remainder of the oscillator
circuit,is shown in Figure 2.

Figure 2 . K\

WIEN-BRIDGE OSCILLATUR BLOCK DIAGRAM - \\

The resistive reactive voltage divider of the bridge circuit consisting of

Rl, C1, and R2, and C2 determines the output frequency of the oscillator.

The frequency at which the circuit oscillates is determined by the values

of the components used in the RC portion of the bridge. The product of Rl

times C1 is equal to R2 times C2. In most Wien-bridge oscillators the

resistors and capacitors are of equal value. Therefore, Rl equals R2 and

€1 equals C2. The actual operating frequency of the oscillator may be

computed by substituting in the formula?! F, = 1 » Ry=Romnd Cy= Cp
2ITR( Cy

This is true where Rl equals R2 and C1 equals C2. The frequency of operation

may be changed by changing the resistance or capacitor values. The oscillators

output frequency may be increased by decreasing the resistance or the

capacitance. If the resistance value or capacitance value is increased,

this will result in a decrease in the oscillator output frequency.
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. NARRATIVE
LESSON 3

Wien-Bridgé Oscillator

The Wien-bridge oscillator is a variable frequency oscillator that is often
used for test equipment and laboratory equipment. This type of oscillator
provides a sinusoidal output which has exceptional stability and almost

constant output amplitude over the audio frequency and low radio frequency
rangz. -

In your previous study of oscillators you learned that a 360° phase shift
is necessary to provide regenerative feedback. You also learned that
feedback is necessary in order to initiate and sustain oscillation. Recall
‘that the Hartley oscillator used an LC tank to effect 180° of phase shift
and that the phase shift oscillator used an RC network to effect 180° of
phase shift. 1In both cases a total 360° phase shift is accomplished. The
Wien-bridge oscillator uses two amplifiers to accomplish the 360° phase
shift. This is illustrated pictortally in Figure 1.

+

Figure 1

BASIC WIEN BRIDBE FEEDBACK

With the yien bridge circuit, each of the amplifiers provides 180° of phase
shift for a total of 360°. This provides a regenerative feedback which is

both necessary to fpitiate and sustain oscillation and is in phase with the
input. However, this principle applies to all frequencies.

l (?'9
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The frequency selection process action of the voltage divider at frequencies
below and above Fo will now be explained. Figure 4 shows the frequency
determmining network of the Wien-bridge oscillator together with a diagram
which shows the relationship of the voltage ocutput and oscillator frequency.

iEin v '
C1 _ Fo

R

I
I
I
¢
l
I
I
1
i
i

Frequency of Ein—»

(b)

Figure 4

FREQUENCY DETERMINING NETWORK

The RC frequency determining components function to provide one output
frequency which has a maximum amplitude with zero degrees phase shift,
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Besides determining the output frequency of the oscillator, the bridge
circuit provides degenerative feedback to maintain a constant output
amplitude. Resistors R3 and R4 form a resistive voltage divider and provide
the out~of-phase degenerative feedback. These components are enclosed with
broken lines in Figure 3,

f\J TO BASE Qq

@ TO EMITTER

aY;
Figure 3.

WIEN BRIDGE CIRCUIT

The output of this divider provides the input voltage to the emitter of the
transistor in the first amplifier stage. Because this voltage is applied

to the emitter, it oppoyes the voltage applied to the transistors base.
Oscillatfon only occurs’ in this circuit when the regenerative feedhack

voltage exceeds the degenerative feedback voltage. " The out-c“~phase degenera-
tive feedback voltage acts to requlate the amplitude of the amplifier

output and improve the purity of the waveform. Changes in the amplitude of
the output signal are automatically compensated for by the degenerative
portion of the bridge circuit in such a way that the output remains constant.
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The diagram drawing shown in Figure 6 is a redrawn Wien-bridge circuit,
together with-block diagrams for the two amplifiers which are part of the
total circuit.

- o ‘. r\\TFséoaAcx 4|L
9| '
R 3R
r\",'°E1 out o—&{ VA {
£z g|AMP . oot .
2V out o— ou
Ce R2 R,
>
Figure 6 / ) ' ’

REORAWN WIEN-BRIOGE OSCILLATOR

Two outputs from the bridge portion of the circuit are shown. They are
identified as El and E2 out. The output from El, the frequency determining
portion of the bridge circuit 15 regenerative and is applied to the hase of
the first amplifier. The degenerative feedback resulting from the action of
the voltage divider is applied to thé emitter of the first amplifier Stage .
Since this voltage is applied to the emitter of the first amplifier stage it
opposes voltage applied to the base of the amplifier. Roth regenerative and
degenerative feedback are necessary in order to assure oscillation at the
selected frequency. .

136

142
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Figure 5 shows frequency determining networks for frequencies below, above,
and at Fo.

Ein U

j’_Eln ~ Ein c 10K N
100K N 10k 0K
To QI . ToQt ,.
__\{leading) ™~ (lagging) -
R22 10Kk N :[ '

)

Figure 5
FREQUENCY DETERMINING NETWORK EQUIVALENTS

Look at the drawing shown in Figure 5a and notice that at frequencies below
the oscillator frequency.the output of the frequency determining RC nefwork
is less than maximum with a leading phase angie. When C1 has a high
reactance, the output of the RC circuit is Tow. As the frequency
applied to the RC network increases, the output voltage also increases.

The output voltage reaches maximum value at Fo, the correct oscillating
frequency.

figure S5b shows the effect of higher operating frequencies where the values
of the reactance are less. [n this case capacitor (2 becomes the controlling
reactance. Recall, that in a parallel circuit the smallest resistance or
reactance controls the circuit. Therefore, whe¥?Fhe oscillator frequency

is greater than Fo,the parallel combination of RZ-C2 causes the output
voltage to be 1ess than at the operating frequency with a 1aggIng phase

. angle,

In Figure 5¢ the equivalent circuit is shown for Fo. At the operating
frequency the reactance of C1 and C2 compensate for each other. As a

result of this the equivalent circuit is purely resistive and no phase

shift occurs. The output voltage then is maximum and greater than the
degenerative voltage, provided by the other leg of the bridge. Because the
circuit is operating at Fo and maximum regenerative feedback vollage is
wavided. Because this feedback voltage is greater than the degenerative
feedback, oscillation occurs ‘and is sustained. Make sure you understand how
the frequency determ1n1ng portion of the bridge c1rcu1t operates before
proceeding . further witn this lesson.

13443
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Figure 8 shows the schematic for the complete Wien-bridge oscillqtor circuit.,
In addition to the bridge circuit the schematic for the two amplifier
circuits which effect the 360° phase shift are shown.

BRIDGE

Figure 8
WIEN-BRIDGE OSCILLATOR CIRCUIT

The amplifiers in this circuit are biased to operate in Class A service.

This class of operation causes the transistor to conduct during the entire
input cycle and produces a distortion free output. Again notice that the
regenerative feedback is connected to the base of (1 and.that the degenerative
is connected to the transistor's emitter. Therefore, the feedback applied

to the emitter opposes the feedback which is applied to the base of the
transistor. Study the schematic again and rotice that the phase shift
provided by each of the amplifier stages is also shown.




Narrative Thirty Two-3

The drawing shown in Figure 7 shows the relationship of the regenerative and
degenerative feedbacks to the output frequency or frequency of operation
{Fo).

\
DEGE,NERATIVE FEEDBACK

REGENERATIVE
" FEEDBACK

FREQUENCY

Figure 7
FREQUENCY RELATED TO Fo

\ -
The degenerative feedback is represented with a hroken horizontal line.

This voltage is constant and is not frequency sensitive like the regenerative
feedback. The regenerative feedback is indicated with a solid line. Remember
that the amount of degenerative feedback is determined by the action of the
resistive voltage Jdivider made up of R3 and R4. This‘'voltage may be changed
by changing the ratio between the resistors. The degenerative feedback
voltage may be increased by increasing the resistance of R4 or decreasing

the resistance of R3. Remember tlie ratio of two components determines the
degenerative feedback voltage. Refer to the diagram and notice that the

- degenerative voltage exceeds the regenerative voltage at all frequencies
except when the regenerative feedback is in phase with the oscillator output
frequency. At this time oscillation occurs. Any time the degenerative
feedback exceeds the regenerative feedback oscillations will. cease.
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The output amplitude stability of the Wien-bridge oscillator may be improved
by adding an automatic gain control (AGC). The schematic shown in-Figure ip
shows how this may be accomplished.

14
11

+vee t

(Ry=

BRIDGE

Figure 10
™,
WIEN-BRIDGE OSCILLATOR WITH AGC|

Notice that the schematic is identical to the schematic in the previous
figure except a tungsten filament lamp has been substituted for resistor R4
in the voltage divider circuit. The resistance of the lamp varies as its
temperature varies. When the temperature increases,the resistance of the
lamp increases, and of course, when the tomperature decreases the resistance
will decrease. This type of lamp is said to have a positive temperature
coefficient. Changes in resistance of R4 (DS1) results in changes in the
degenerative feedback voltage. uhen the resistance of R4 increases there is
an increase in the degenerative feedback voltage and more opposition to the
regenerative feedback voltage applied to the base of the transistor. A
decrease in the resistance of R4 results in a smaller degenerative feedhack
voltage. To see how the lamp regulates, suppose the output voltage amplitude
increases,this would cause more voltage across R4 with a resulting increase
in the power consumed by it. When R4 gets hotter, its resistance increases.
This causes more degenerative voltage to be fed to the emitter of the first
amplifier, which decreases the gain of the stage, thus reducing the output
to near normal.
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Up to this point the explanation has focused on the bridge network which' is the
heart of the oscillator. You are already familiar with the other circuit
components which make up a standard two-stage audio amplifier. You studied this
in module 19 lesson 2. Now let's connect the bridge circuit to the two-stage
amplifier and discuss the function of the remaining components. Look at Figure
9.

BRIDGE
Figure 9
WIEN-BRIDGE OSCILLATOR CIRCUIT

Both amplifier stages are biased to operate in Class A service. You remember
that this class of operation causes transistor conduction during the entire
cycle of the input signal and produces a non-distorted output. RS provides
about 0.6 voit forward bias for Q1. R6 acts as the collector load for trans-
istor Q1 to develop the output signal. R4, of course, is the emitter resist-
ance for Q1 and the degenerative feedback component. C3 couples the signal,
phase shifted by 180 degrees into the base circuit of (2.

Biasing resistors R8 and R7 provide about 0.6 volt forward bias for Q2. RO
provides emitter stabilization while R10 acts as the coliector load for Q2.
r4 couples part of the cutput signal back to the bridge as feedback to
sustain oscillatiens, ~hile C5 couples the signal to the output terminals.
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. 1F YQU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU_INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE

WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT.yOU

CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH.. IF YOU
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIAL3 (IF
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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For all intents and purposes the tungsten lamp functions 1ike an AC voltage
requla%or and maintains a constant output amplitude. Another method for
maintaining the constant output amplitude is to substitute a thermistor for
the tungsten lamp. The thermistoris also heat sensitive and functions in
the same manner as the lamp. These devices are available with eijther a
positive or a negative temperature coefficient. The circuit application
determines ‘the type of temperature coefficient that is required. With the

Wien=bridge oscillator circuit a thermistorwith a positive temperature
coefficient is used.

The schemat1c shown in_Figure 11 is similer to the schematic shown in
Figurel0 except capacitors C1 and C2 are variable. The frequency of the

-oscillator may be varied by changing, or varying, the capacitance of C1 and
C2. Notice that the capacitors are g9anged and because they are variable
the circuit has a variable output frequency.

Figure 11

VARIABLE FREQUENCY WIEN-BRIDGE OSCILLATOR

Using variable capacitors in the bridge circuit allows the frequency to be
~ varied from several Hz to over 200 kHz.

Again refer to the schematic and notice that PNP transistors may also be

used in the Wien-bridge oscillator circuit. As is with other schematics

waveforms have been superimpnsed to help you understand the operation of .
the total circuit.
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OVERVIEW
LESSON 4

" . Blocking Oscillators

In this lesson you will learn about .blocking oscillator circuits. You will
Tearn how the blocking oscillator Pulses, or triggers, radar equipment,
computers, and other equipment where a timing pulse 'is required. You will
learn how this type of oscillator produces output pulses at precise times.
You will also learn how the inductive coupling within the oscillator provides
the necessary regenerative feedback. -Besides this, you will learn about the

various components which make up the oscillater circuit and how these components
function to provide accurate output pulses.

The learning objectives of this lesson are as follows:

TERMINAL OBJECTIVE(S):

. ; student completes this lesson, (s)he will be able
.48 :geqRBBELESHOOT and ?OENTIFY faulty components and/or circuit
mal functions in blocking oscillator circuits when glven a
training device, pre-faulted circuit board, necessary test
J equipment, schematic diagram and instructions, 100% accuracy
is required. . .

ENABLING OBJECTIVES:
“When the stu&ent completes this lesson (s)he will be able to:

' 1 £ ' i11ato ing the

32.4.59.1 IDENTIFY the purpose of blocking oscillatolrs by selecting
correct statement from a choice of four. 100% accuracy 15
required.

“ ' i ime (PRT)
32.4.56.2 I0ENTIFY the Pulse Width (PW), Pulse Repetition Time ( .
Pulse Repetition Frequency (PRF), and Pulse Repetition Rate (PRR)
of the output pulse of a blocking oscillator, given a waveform
"diagram, by selecting thg correct value or statement from a

choice of .four, 100%.accuracy is required.

IOENTIFY the functions of components and circuit operation of
a free-running blocking oscillator circuit, given 3 SC:emat}c
diagram, by selecting the correct statement from a choice ©
four. 100% accuracy is required.

i f a free-running
IDENTIFY the circuit and output waveforms 0
blocking oscillator by selecting the correct waveform or
statement from a choice of four. 100% accuracy 1S required.,
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i

LIST OF STUDY RESOURCES
LESSON 4

Blocking Oscillators

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the following
" study resources:

Written Lesson presentation in:
Module Booklet:

Summary
Programmed Instruction
Narrative .

Student 's Guide:

Summary
Job Program Thirty Two-4 "B1ock1ng Osc111ators"
Progress Check

Additional Material{s):
Audio/video Program Thirty Two-4 "Free Running Blocking Oscillators”
Enrichment Material(s): ' ~

Electronics Installat1on and Maintenance Book EIMB, (Electron1c

Circui’ *} NAVSHIPS 0967-000-1720
Basic . octronics Vol. 1, NAVPERS 10087-C .

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUNING THE LEARNING
CENTER INSTRUCTOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY
REQUIRTD TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT
ANY TIME. BEFORE -STARTING THE NEXT LESSON YOU WILL BE REQUIRED TO COMPLETE
THE JOB PROGRAM, PASS THL LESSON TEST, COMPLITTI. THE FAULT ANALYSIS, PRACTICE
TROUBLLSHOOTING AND PASS THL PERFORMANCE TEST. ,
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32.4.59.5 IDENTIFY the callses of and techniques used to eliminate over-
shoot or ringing in a blocking oscillator circuit by selecting
the correct statement from a choice of four. 100% accuracy is
required.

32.4.59.6 MEASURE and COMPARE waveforms and voltages in a blocking
oscillator cirucit given a training device, circuit boards,
test equipment and proper tools, schematic diagrams, and a job
program containing reference data for comparison. Recorded
data must be within limits stated in the job program.

32.4.59.7 ICENTIFY the faulty component or circuit malfunction in a given
blocking oscillator circuit, given a schematic diagram and fail-
ure symptoms, by selecting the correct fault from a choice of
four. 100% accuracy is required. * :

- *This dbjective is considered met upon successful completion of the terminal
objective.

- N :
EEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW
THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.
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The pulse transformer differs from other transformers in-that it has two
secondary windings. The second secondary winding is called a tertiatry
winding. Tertiary means third. The three windings of the pulse transformer
are wound on the same iron core in such a way that voltages are induced

into both the secondary and tertiary windings simultaneously'. Refer to

the figure and notice that phasing dots are shown. Therefore, the voltage
polarity of pins 1, 4, and 6 is identical. The ptrlse transformer is designed
and constructed in a special way s0 it saturates at a low current level.

Once the transformer is saturated, any futher increase in-current through

the primary has no effect on the secondary output voltage. This is necessary
if the blocking oscillator is to function properly.

The schematic diagram shown in Ffgure 2 is that of a blocking oscillator.

Figure 2

BASIC BLOCKING OSCILLATOR CIRCUIT

I'n may ways, this circuit is similar to the Armmstrong oscillator circuit.
The major difference between the two oscillator circuits is in the freguency
determining circuitry. Whereas the frequency of the Armstrong oscillator is
determined by a tank Circuit, the blocking oscillator output frequency
depends on the RC network made up of RI and Ci. In both cases, regenerative
feedback is necessary in order to intiate and sustain oscillation. With the
blocking oscillator, regenerative feedback is provided by the inductive
coupling of the transformer's primary and secondary. Forward hias is
provided by R1, which is connected between Vcc and the hase of transistor
Ql, to provide initial conduction of QI.

+
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SUMMARY
LESSON 4
¥

Blocking Oscillator

When ycu studied os illators previously, you learned about oscillators that
provide sine-wave outputs. The blocking oscillator is a special type of
oscillator that produces a short duration, pulse output waveform. - The pulse
output waveform of the blocking oscillator is used in radar eduipment,
computers, and othet equipment where trigger pulses are required. The blocking
oscillator generates a very narrow output pulse.

There are a pumber of terms that you Should become familiar with prior to
proceeding with the lesson on blocking oscillators. These terms, listed
below, are also used with radar equipment.

PULSE WIDTH (PW) PuTse width is the t1me from the start of the pulse to the
end of the pulse.

PULSE REPETITION TIME (PRT) Pulse repetition time is the time from the start
‘of one pulse to the start of the next pulse. It is measured from the
leading edge of one pulse to the leading edge of the next pulse.

PULSE REPETITION FREQUENCY (PRF) Pulse repetition frequency refers tq the
frequency at which pulses occur. The frequency is usually stated in,
cycles per second.

PULSE REPETITION RATE (PRR) Pulse repetition rate is the number of pulses
per second {PPS).

The blocking oscillator uses a special type of transformer. This transformer
is constructed in such a way that it passes a square wave or pulse with a

mi nimum amount of distortion. The transformer is called a pulse transformer.
The schematic diagram for the pulse transformer js shown in Figure 1.

2 6
o

Figure 1
A

PULSE TRANSFORMER SCHEMATIC SYMBOL
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The output waveform of the circuit across terminals 5 and 6 of the transformer

.is shown in Figure 3.

ouTP INDUCTIVE OVERSHOOT
u 7 (RINGING)
oy

Figqure 3
BLOCKING OSCILLATOR QUTPUT—-TERTIARY WINDING -

Examine the waveform and notice the inductive overshoot or ringing effect.
This is an undesirable output resulting from the rapid current changes
through the transforme~ windings. Because these damped oscillations may
cause problems in other circuits associated with'the blocking oscillator, it
is necessary to eliminate this inductive overshoot or ringing.

One technique that is commonly used to eliminate the inductive overshoot or
ringing, is to use clamping diodes as shown in Figure 4,

figure 4
BLOCKING OSCILLATOR WITH CLAMPING DINDES
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Refer again to the schematic shown in Figure 2. Because of the positive
potential resulting from tie action or Rl, transistor Q1 is forward biased.
As a result of this bias, whn power is applied the transistor conducts.
Since the resistance between the emitter and collector of Q1 is reduced,
current now flows from ground through Q1, the primary of the transformer T1,
and to Vcc. This results in a negative polarity at pin 1 and a positive
polarity at pin 3 due to the transformer action. The positive signal from
pin 3 is applied to the base of Ql and increases the transistor's forward
bias and the transistor conducts more. This action continues until the
transistor or the pulse transformer reach the point of saturation. Since
the pulse transformer is designed to saturate quite readily, the transformer
reaches the point of saturation before the transistor.

At the same time current flows through Ql, capacitor Cl1 charges to a voltage
equal to the secondary voltage of the pulse transformer. When the capacitor .
is fully charged, 'the current between the base and emitter of Ql is reduced
to a point where the transistor can no longer conduct. In.effect, the
transistor is cut off at this time. In other words, when the charge on
capacitor Cl reaches maximum, the transistor cuts off.

The capacitor charge at this time is equal to the peak secondary voltage of
the transformer’s secondary (pin 3-4}. At this time, since transistor
conduct ion has stopped,the primary magnetic field of the transformer collapses.
Remember from vour study of inductors that an inductor opposes a change in
current and therefore, in this case, the inductance will attempt to keep
current flowing in the same direction. When the magnetic field of the .
transformer primary collapses,the voltage across capacitor Cl and transformer
secondary {3 and 4) series aid each other and exceed the voltage at Vcc.
Because the secondary voltage of the transformer is series aided by Cl's
voltage the potential applied to the base of Ql is now negative. At this

time the transistor becomes reverse biased. ]

Q1 remains cut off, or blocked by this reverse bias until capacitor Cl
discharges to a point where the voltage at Vcc exceeds Cl's potential.
Because a transistor is blocked for a significant amount of time during each
cycle of operation, the circuit is called a blocking oscillator circuit.
Jhe time required for the capacitor to discharge is determined by the time
constant resulting from the interaction of Rl and Cl. If you have difficulty
understanding how an RC network functions refer to Module 11. Eventually

. the capacitor discharges to a point where the positive Vcc voltage is again
applied to the base of Ql. When this happens the transistor is again
forward biased, it conducts and the transformer action produces regenerative
feedbacks The cycle repeats and once again the circuit oscillates.
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The basic difference between this circuit and the blocking oscillator
circuit which you previously studied 1is that terminal 4 of transformer T1
is returned to Vcc vice qground. An arrangement of this type removes the Vcc
power source from the discharge path of the capacitor and improves the total
stability of the circujt. Other than this difference, the operation of the
NIDA blocking oscillator is essentially the same as a basic hlocking oscillator
circuit. In this case, notice that resistors R2, R3 and R4 function to
dampen part of the undesirable oscillation of the transformer resulting from
rapid current variation.

There are several variations of the basic circuit ; for example, triggered,
synchronized, divided {count-down) versions of the osCiflator circuit., The
basic distinction between these circuits and the basic circuit s that the
variations require input triggers.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM.IF YOU INCORRECTLY

ANSWER ONLY A FEW OF THE PROGRESS CHECK (WESTIONS, THE CORRECT AMSWER PAGE

WL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU

CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT

AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS {IF
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, LMTIL YOU CAN
ANSWER ALL SELF-TEST [TEMS ON THE PROGRESS CHECK CORRECTLY.
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In this example, a clamping diode CR1 is placed directly across terminals 1
and 2 of the transformer's primary. When Q1 cuts off, this diode becomes
forward biased and the voltage across terminals 1 and 2 of the transformer
reverses polarity. Because diode CR1 has a low resistance when forward
biased, the inductive overshoot voltage and the ringing is quickly damped
out.

Another method often used for reducing the ringing is to connect a diode

across the output winding of the pulse transformer. This is also shown in
Figure 4., This diode, diode CRZ, becomes forward biased whenever the output
voltage at terminal 6 is negative in relation to terminal 5. Because of the
diode action, the output is limited, or clammped,to within a few tenths of a
volt. This results i an output waveform that is relatively free of inductive-
overshoot or ringing. ,
Another means of reducing the ringing action of the transformer is to use
resistive loads commonly called dampers. Ir this case, small value resistors
are placed in series.or shunt with the transformer secondary or tertiary
windings. Resistors used in this way absorb some of the oscillations caused
by the rapid collapse of the transformer's magnetic field. It is also
possible to use both resistors and clamping diodes. Circuit design character-
istics determine whether clamping diodes and resistive loads are used

together or indqpendently.

The schematic diagram shown in Figure 5 is a slight variation of the basic
blocking oscillator circuit. This is _the schematic for the NIDA blocking
oscillator which you will use and bec@me familiar with when ybu complete
the job program associated with this TG\sson. '

2
. B

\\\

+Vee

Figure 5
NIDA BLOCKING QﬁgfLLATOR SCHEMATIC
15y
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(::) The blocking oscillator, which is sometimes Ea]led a pulse repetition
frequency (PRF) generator, has a nonsinusoidal output waveform. This oscilla-
tor is used to trigger circuits in electronic equipments such is radar,
computers, and television., It is used where pulses are needed to trigger or

control other circuits.

One type of osc111a£or that provides pulses or triggers to control other types

of electronic circuitry is a(n) oscillator.

a. Colpitts
b. Armstrong
¢c. Blocking

d. RC network

e e cem e e me et amees cmmammameman .- ———————————— . m————————————

\.

c¢. Blocking

@ The drawing shown im Figure 2 is a block diagram for a blocking oscillator

together with possible outpul waveforms.

* |a|.ocumc M I ,,_FL

- ISCILLATOR

E]

Figure 2
FREE RUNNING BLOCKING OSCILLATOR OUTPUT
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4

PROGRAMMED INSTRUCTION
LESSON 4

BLOCKING OSCILLATOR

: )
TEST FRAMES ARE 6, 15, AND 21. PROCEED TO TEST FRAME 6 AND SEE IF YOU CAN
ANSWER THE QUESTIONS. FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME.

(::) In your previous study of osci]li}ors you learned about oscillators that

provide sine-wave outputs. Mention was also made of oscillators which provide -f:

outputs which are not sinusoidal. You studied one such oscillator called a
multivibrator in Module .23. Recall that the output from a multivibrator
circuit is a square or rectangular wave form. Figure 1 shows the block

diagram for the multivibrator and its output waveform.

DOt ‘

MULTI- 3
VIBRATOR

Figure 1
. !
FREE RUNNING MULTIVIBRATOR OUTPUT

No response required.
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PULSE WIDTH (PW} - Pulse width is the time from the start of the pulse to the
end of the pulse. This is shown in Figure 3 with times Tl to T2 and times 73

to T4, This term is sometimes referred to as pulse duration.

PULSE REPETITION TIME (PRT) - PRT is the time from the start of ome pulse vo
the start of the next pulse. It s measured from the leading edag of one
pulse to the leading edge of the next pulse. It is sometimes referred to

as pulse rest time.

Refer to the dqawiﬁg shown in Figure 4 and label the Pulse Width and the Pulse

Repetition Time.

-

Figure 4

Pulse Width

b. Pulse Repetition Time

(::) PULSE REPETITION FREQUENCY (PRF} - refers to the frequency at which pulses

occur. Frequencies are stated in cycles, kilocycles, or megacycles. For

example: 15 kHz, 2.5 kHz.

162




The output pulse rate of the blocking oscillator circuit varies depending on
the p%?ticular application. With this type of circuitry, pulse rates generally

range from 20 to ZJL0 pulses per second.

The blocking oscili:ztor generates a narrow output pulse. The "on time" is
relatively short whereas the "o:f time" or rest time is quite long. This will

be dis:ussed in greatev detgg} in subsequent frames.
=

The output pulse rate of a bl\ocking oscl'lagtor ranges from:

a. 1 to 10,000 pulses per second.
b. 20 to 2,000 pulses per second.

c. 1,000 to 50,000 pulses per second.

d. 1 to 10 pulses per second. __ —

Y

S S o v A W W W g A

b. 20 to 2,000 pulses per second

Several terms are used in relation to blocking oscillators which you
should become familiar with. This terminology is also used with radar equip-

aent. These concepts or terms are reflected in Figure 3.

PULSE REPETITION TIME
(PRT)

Figure 3
PULSE TERMINOLOGY
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PULSE REPETITION RATE {(PRR) - The pulse repetition rate is the number of

pulses per second.{pps}. For example: If the PRF is 10 kHz then the PRR
would be 10,000 pps.

To find PRF or PRR use the formula: PRF(PRR) equals 1sPRT.
For exampie, if the Pulse Repetition Time is 2,000 microseconds then the

frequency or PRF would be found as fol lows:

-

PRF= 1 = 1 = 1. = 1 =.58 xld3or 500 Hz or 500 pps.
PRT 2000 us 2000 x 10°® 2 x 10°9

If the Pulse Repetition Time is 1600 microseconds then the frequency or PRF

1S
500

625
1250
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PW equals 10 psec.
PRT equals 100 pusec.
PRF equals 10 kHz

PRR equals 10,000 pps

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAMI 15, OTHER-
WISE GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE AGAIN BEFORE TAKING

TEST FRAME 6 AGAIN.

(::) A blocking oscillator uses a special type of transformer. This transformer

is constructed in such a way that it passes a square wave or pulse with a
minimum amount of distortion. This transformer is called a pulse transformer.
The schematic diagram shown in Figure 5 is that of a common type pulse trans-

former used in blocking oscillators.

Figure 5
PULSE TRANSFORMER SCHEMATIC SYMBOL

Notice that this transformer has three windings. The 1-2 winding is the
primary winding and the 3-4 winding is the transformer secondary winding. The

other winding, 5-6, is called a tertiary winding. A tertiary winding is 2

160
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THIS IS A TEST FRAME. COMPARE YOUR ANCUERS WITH THE CORRECT ANSWERS GIVEN
. AT THE TOP OF THE PAGE FOLLOWING THE TEST QUESTIONS. PRFFER TO THE DRAWING
BELOW IN ORDER TO ANSWER THE TEST QUESTIONS.

1. With a time base of 10 psec/division determine the following quantities:
a. Pulse Width (PW)
b. Pulse Repetition Time ﬁPRT)
C. Pulse Repetition Frequency (PRF)

Pulse Repetition Rate (PRR)




P.1. Thirty Two-4

The schematics shown in Figure 6 are for a free running blocking escilla-
tor and a basic Armstrong oscillator. '

-

R

+Vo0

fo= L K
I

o

Figure 6
BLOCKING AND ARMSTRONG 0SCILLATOR CIRCUITS

As you study the schematics notice the many similarities. The major
difference is in the frequency determining circuitry, The frequency of the °
Armstrong oscillator is determined by the tank Circuit whereas the

blocking oscillator output pulse frequency depends on the values of Rl

and C1. 1In both cases regenerative feedback 1s necessary to initiate and
5usta1n_osci11ation.. The blocking oscillator provides the regbnerative
feedback by the induc@ive coupling of the transfor:mers primary and

secoﬁdary, and forward bias provided by RI cornnected cvutween VCC and the

base of Q1.
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*

third winding. The three windings are wound on the same iron core in such a
way that vdltages are induced into both the secondary and tertiary winding at

-

the same time. -

A Pulse Transformer is made up of ° windings and the extra

winding is called a winding.

S

2, binary
2, tertiary
3, binary

3, tertiary

d. 3, tertiary

Refer again to fhe schematic shown in Figure 5. Notice that phasing dots

are shown. Therefore, the voitage polarity at piné 1, 4, and 6 are identical.
The pulse transformer i5 constructed in a special way. It is designed to
saturate at Jow current‘levels. When ;he transformer is saturated, further
increases in current throught the primary winding do not result in an increase
in the secondary output voltage. This is a desirable condition necessary for

the operation of blocking oscillators which will be discussed in subsequent

No response required
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IP addition to the schematic a waveform plotted against time is aiso shown.

This technique will be used in this frame and suBseduent frames to explain the
total operation of the Blocking oscillator circuit. Since transistor Q1 is
forward biased, as 2 result of the positive potential on its base resulting
from the action of Rl, when power is applied the transistor conducts. At

this time the resistance between the emitter and collector of Ql is reduced.
Current now flows from groun:; through Ql, the primary of transformer T1, to-
VCC. At this time there is 2 negative polarity at pin 1 and a positive
polarity at pin 3 due to transformer action. This positive signal on the base

of Ql increases the transistor's forward bias and the transistor conducts

more.

The increased transistor conduction results in a further increase in the
forward bias of the transistor and this action continues until the

transistor or the pulse transformer reaches the point of saturation. -

Because - ulse transformer is designed to saturate quite readily, the

transformer reaches the saturation point before the transistor.

The component which achieves saturation first in a blocking oscillator
circuit is the:

transistor

resistor

capacitor

pulse transformer

Pulse Transformer
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The output waveform of an Armstrong oscillator is a wave, and

the output of a blocking oscillator is a

. sine, pulse

. pulse, sine

. Sine, sine
d. pulse, pulse

/

4
- o o -

L

a. Sine, Pulse

The schematic diagram shown in Figure 7 is that of a basic blocking

oscillator circuit.

+Yec

SATURATION

. FORWARD BIAS LEVEL .

Figure 7

BLOCKING DSCILLATOR ACTION
163




When capacitor Cl is fylly charged
a. the conduction of Ql increases.

b. Q1 is forward biased and conducts more.

C. transistor~yl continues Lo conduct until the capacitor Cl discharges.

N

d. the current between the base and emitter of Q1 is so small that the

transistor stops conducting.

’

sy s A A o A kD T e e e i e D T i o i A e e ke e A ks ar

d. the current between the base and emitter of Q1 is so small that the
transistor stops conducting )

@ The schematic shown in Figure 9 is also for a bloc‘k\i\ng oscillator. In

addition to the schematic, a waveform is also shown.\\lhjs waveform

—_

indicates the effect a complele charge on C1 has on the transistpr._

SATURATION
FORWARD BIAS LEVEL

= SERIES AIDING

1
]
Tl

Figure 9
BLOCKING OSCILLATOR ACTION

y
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(::) At the same time that current flows through Ql, Cl charges to a volitage
equal to the secondary voltage of the pulse transformer Tl. The waveform

shown to the right of the schematic in Figure 8 illustrates this.

C1 CHARGED

M

_‘----..- e — = === CUT oFF

LAY

¢

Figure 8
BLOCKING OSCILLATOR ACTION

Because the base-emitter junction of Q1 is heavily forward biased, the
junction resistance is very small. Therefore, the RC charge time of Cl

is short as indicated by the waveform at the right of Figure B. As the
current through Q1 becomes smaller, the charge on (1 approaches

the secondary voltage of the transformer. When the cahacitor achieves a
full charge, the current between the base and emitter of Ql is reduced'to
a poinl where the transistor no longer cdnducts. In effect'tne transistor

is cut off at this point.
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@ Figure 10 shows the components which determine the length of time that

the transistor will be blocked. Besides this, a waveform showing the dischd?ge

of capacitor Cl is reflected in the figure.

T T2
| - FORWARD BIAS LEVEL

OVERSHOOT &%
W
o

~— T1{1-2) MAGNETIC
FIELD COLLAPSE

—— i — A —————

Figure 10
Q1 BLOCKING ACTION

Because Q1 is cut off, or blocked, for a sfgnificant amount of time during
each cycle of operation, the circuit is called a biocking oscillator. HNotice
that at time Tl the magnetic field surrounding the transformer primary,
windings 1-2, collapses and the voltage across terminals 3 and 4 falls to
zero. The charge on capacitor Cl still holds the transistor in cut off. At
this time, the capacitor discharges through Rl to Vcc, then from ground,
thrdugh tﬁe transformer winding 3-4, into the positive side of the 9apacjtor
as indicated by the arrows. The time required for the capacitor to discharge

is determined by the time constant of R1-Cl. This was explained in Module 11.
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When the charge on capacitor Cl reaches maximum, the transistor is cut off.
At this time the primary of the transformer has a large stationary magnetic
fieid of ftux built up around it. Capacitor Cl has charged to the peak
secondary voltage of the transformer across pins three and four. At this time
the magnetic field across the primary (pins 1-2) of the transformer collapses.
'Recall from your study of inductors that an inducfor opposes a change in

current and therefore, in this case, the induttance will attempt to keep

current flowing in the same direction. This action induces a voltage across

terminals 1 and 2 of the transformer with polarities as indicated in the
figure. At this time the induced voltage across terminals 1 and 2 of.the
transformer is transformer coupled to pins 3 and 4 as inqicated in the drawing.
Examination of the drawing will reveal that at this time the voltage*across
capacitor C1 and transformer pins 3 and 4 are series aiding and greater than
the voatage at Vec. At this point, the base of transistor Ql is highly
reverse biased by these two voltages and remains so until forwary bias is
again applied to the base of the transistor. This occurs when the magnetic

field of the primary transformer winding, pins 1 and 2, collapse and (i

discharges.

Transistor Q1 is blocked by the

a. charge on capgcitor Cl and the potential of the transformer secondary
{pins 3-4).

L]

p. voltage across C1 only. ,
c. Primary (pins 1-2) voltage of the pulse transformer.

d. tertiary voltage of the pulse transformer.

u

I —— A T - - - ——— -

a. charge on capacitor Cl and the potential of the transformer secondary
{pins 3-4)
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(::) THIS IS A TEST FRAME. COMPLETE THE QUESTIONS AND COMPARE YQUR ANSWERS

WITH THE CORRECT ANSWERS GIVEN AT THE TOP QF THE PAGE FOLLOWING THE TEST

QUESTIONS.

A blocking oscillator uses a transfomer .

al
bl
Cl

d.

filament
power
flyback

pulse

The third winding of the transformer used in a blocking oscillator is
called a winding.

a.
b.
C.

d.‘

.

secondary
tertiary
binary

hexadecimal

REFER TO THE SCHEMATIC SHOWN BELOW WHEN ANSWERING QUESTION 3 AND 4.

+Voq
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-The discharée time of C1 is primarily determined by the
a. inductance of the transformer primary {pins 1-2).
.-b. forward'bias of Q1.
¢. time constant of R1-Cl.

d. capacitor voltage ri¢ting.

-

¢. time constant of R1-(C1

Refer to the waveform shown on the right side of Figure 10. Notice the

discharge curve associated with C1. During the time the capacitor is discharg-
ing, a negative potential is'applied to the base of the transistor. Because

of this, the transistor cannot conduct. Eventually capacitor Cl discharges to
a point where the positive Vcc voltage is felt on the base of Ql. At this

time the transistor again becomes forward biased, conducts, and the transformer
action produces regenerative feedback. This occurs at time point T2 as
indicated in the drawing. At this time the cycle repeats and the circu{t wi]ll

repeat the process. The entire cycle completes one oscillation.

'During the time the capacitor C1 is discharging, the transistor Qi is
a. forward biased.
b. conducting.
.C. cut-off.

d. oscillating.

S L T et iy p—

c. cut off
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pulse

terti;ry

-

value of Rl and Ci

1F YOUR ANSWERS MATCH THE CORRELT ANSHERS YOU MAY 30 TO TEST FRAME 21.

DTHERWISE GO BACK TO TEST FRAME 7 AND TAKE THE PROGRAMMED SEQUENCE AGAIN
BEFORE TAKING TEST FRAME 15 AGAIN.

The waveformé shown in‘ Figure 11 are included to help you understand the

operation of the blocking oscillator circuit.

- FORWARD
BIAS LEVEL _

BASE
Qi

COLLECTOR
Q

ov

- QUTPUT

INDUCTIVE
OVERSHOOT
(RINGING)

INDUCTIVE OVERSHOOT
{RINGING)

TERMINALS 5-6 (V

Iz

?%gure‘ll

\

BLOCKING OSCILLATOR tAVEFORMS
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The component which is designed to saturate in the schematic shown is
R1
Cl
Ti
Qi
discharge Lime of O 1s delermined primarily by the

transforuer primary

transistor's forward bias

wattage rating of R].

value of R1 and C1.
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FORWARD
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BASE
Qt

AN
COLLECTOR . INDUCTIVE

o OVERSHOOT
(RINGING)

1)

INDUCTIVE OYERSHOOT
oTRUT ' 7 (RINGIRG)

TERMINALS 5-6 oV

Figure 11

BLOCKING OSCILLATGR WAVEFORMS

.Notice by referring to the bottom waveform that while the capacitor discharges
_the output ceases beiween terminals 5 and 6 or the terplary terminals of the

| transformer. Examine the waveforms and notice the 1ndu6t1ve overshoot or
ringing effect. This undesirable output i; the resuit of the rapid current
changes through the transformer w1nd1ngs which are bas1ca11y 1nductances. As
you can see, the energy stored in the magnet1c f1e1o is not completely absorbed

as the field rapidly collapses, rather it functions to cause an induced

voltage of oppositc oolarity across the transformer windings. Since these

damped oscillations may cause problems with the other circuits associated with

L blocking oscillator, the inductive overshool or ringing must be eliminaled.

T
Methods for eliminating this are discussed in subsequent frames.

174
154
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Each of the waveforms shows the potential in relation to a reference voltage.
Notice thagéthe top waveform indicates the potential at the base of transistor
Ql, while the middle waveform shows the collector potential. The bottom
waveform indicates the waveform at the output, or terminals 5 and 6, which
form the tertiary winding of the pulse trénsformer. An understanding of how
the various components function in relation to the waveforms will provide you

with a better wnderstanding of biocking oscillators. Look at the waveform

associated with the base of transistor Ql. Recall that when the transistor is
forward biased, capacitor C1 is charging. This is indicated by the waveform
above the broken line desigpated as forward bias ievel. During this time‘the
potential at Q1's collector is driven toward zero volts. This is shown by

the collector waveform. Once the capacitor is fully eharged, the capacitor is
series aided by the secondary o? the franstrmer Pins 3 and &. At this time
the negative voliage exceeds the positive voltage of Vco, ahd therefore,the

transistor is no longer forward biased and does not conduct.
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Another method of reducing the ringing is to connect a diode across the
output winding of the pulse transformer. This'is also shown in Figi-e 12.
The diode becomes forward Biased whenever the-output voltage at terminal 6
\iyings nega{ive in rélation to terminal 5. Because of this diode action, fhe
output is f}ﬁited or clamped to within a few tenths of a volt. The waveforms
shown in Figure 13 illustrzte the output result’ng from the uses of the

clamping diodes.

+V00

e
TN

QUTPUT

Figure 13
'WAVEFORMS WITH CLAMPING DIODES ~

T T e Y .

no response required
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no response required

7

'(:::) There are two methods which ere commo.ly used to eliminate the inductive

=Y

overshoot or ringing. A common technique is to yse a clamping diode as shown

" in Figure 12.

v
¢

3 @::

—

Figure 12
CLAMPING DIODES

In this example, a'clamping diode, CR1, is placed directly across‘terminals 1
and 2 of the transformer's primary. This diode becnmes forward biased when Ql
cuts off, and the volfage.across terminals 1 and 2 of the tfansformer takes on
polarity shown. Because €R] has a low resistance ' “enforward biased,
this reduces the inductive overshoot voltage, and the coil energy is quickly

damped.
-

A common method used for damping oscillations is to use
a larger capacttod.
a larger value ‘esistor in the RC network.
clamping diodes.

a 4C filter.
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Another technique for reducing the ringing action of the transformer is
to use resistive loads commonly called "dampers”. To accomplish this damping,
small value resistors may be placed in series or in shunt with the transformer

windings as.shown in Figure 14.

p
)
|
I
I
g
t S
I
LA 4
'
i
|
I
|

| -

i

Figure 14
BLOCKING OSCILLATOR WITH DAMPING RESISTORS

J
In the schematic shown, resistors R2, R3, and R4 are used as damping resist -s.

These resistors absorb SONE\Ez the oscillations caused by the rapid collapse

of the transformer's magnetic fields. It is also possible to use resistors in
céﬁjunCtion with clahp ng diodes as shown in previous frames. Circuit éésign
characteristics determine whether clamping diodes and resistive loads are used

togefher or independently.
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The schematic diag}am shown in Figure 15 shows a slight variation of the
basic blocking osciMating circuit. This is schematic for the NIDA blocking
oscillator which you will become familiar with when you complete the job

performance associated with this lesson.

—_———— e ————— =

Figure 15
NIDA BLOCKING OSCILLATOR

N, »

180
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One-method that is used to reduce the ringing action of transformers in blocking
oscilliators is to

a. increase the forward bias of the transistor.

b. change the value of the capacitor ir the RC network.

c. use resistors in series or in shunt with the transformer windings.

d use a filtering circuit.
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@ THIS 1S A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARL YOUR
ANSWERS WITH THE ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE ~''ESTIONS.

Ringing in pulse transformer is associated with the

a. discharge of capacitors.

b. rapid co’lapse of‘ﬁsazetic fields.

c. transistor conduction time. .

d. transistor cut-off time
- e

One method often used for reducing the ringing action of pulse trans-
formers is to

a. use larger capacitor in the RC network.
b. increase the size of the resistor in the RC network.
- ¢+ use an RC filter.

d. use clamping diodas.

The output of a blocking oscillator is a waveform.

a. Ssaw.ooth
b. sine
pulse

trapezoidal
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The difference between this circuit and the blocking oscillator circuits which
you previously studied is that terminal 4 of the transformer Tl is returned to
Vee Qice ground. This arrangement removes the Vcc power source from the
discharge path of the éapacitOr and improves the stability of the circuit.
Besides this difference,the operation of the NIOA Blocking oscillator is the
same as the basic Circuit. Notice particularly the addition of damping
resistors R2Z, R3; and R4, which function to dampen part of the undesirabie
oscillation of the transformer due to the rapid current variations. One
additional point should be made about the free running blocking oscillator. -
There are several variations of the basic circuit, for example, triggered,
synchronized, divider (countdown) versions of the free-running circuit. One
basic distinciion between these circuits and the basic free-running circuit is

that all these variations require input triggers to operate properly.

no response required

181
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rapid collapse of magnetic fields

use clamping diodes

pulse

IF YOUR ANSWERS MATCH THE CORRE~T ANSWERS YOU HAVE COMPLEYED THE PROGRAMMED
INSTRUCTION FOR LESSON 4, MODULE THIRTY TwO. OTHERWISE GO BACK TO FRAME 16
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 21 AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS S0RRECTLY, YOU MAY TAKE THE JOB PROGRAM. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU CAWN
RESTUDY THE PARTS OF Th.S LESSON YOU ARE HAVING DIFFICULTY WITH, IF YOU FEEL
THAT YOU RAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE),
OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAM ANSWER ALL ’
SELF-TEST ITEMS ON THE PROGRE ~ CHECK CORRECTLY.
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PULSE WIDTH (PW) Pulse width is the time from the start of the pulse to the
end of the pulse. This' is shown in the diagram with times Tl to times T2
and time T3 to times T4, Sometimes this term is referred to as pulse
duration.

PULSE REPETITION TIME (PRT)} PRT is the time f:om the start of one pulse to
the start of the next pulse. [t is measured from the leading edge af the
first pulse to the leading edge of the next pulse.

PULSE REPETITION FREQUENCY (PRF) PRF refers to the frequency at which pulse
occur, These frequencies are usually stated in Hertz {cycles) or Kilo Hertz
(kilucycles). For example: 100 Hz, 2.5 kHz.

" PULSE REPETITION RATE (PRR} Pulse repetition rate is the number of puises

per second. (PPS) for example, when the PRF is 10 kHz, the PRR would be
10,u0Y PPS. -

You should become familiar with the formula for determining pulse repetition
frequency or pulse repetition rate. The formula is F eauals 1T

For example, if the pulse repetition time is 1600 microseconds, then the
pulse repetition rate or frequency would be equal to:

.] - 1 1 ~ _‘1—- _ . 3 - 3
PRT 16f00ps =~ 1600 x 127" = 1600 = 1NN x 10 = ,g25 x 1r

160N

= 625 pps = 625 Hz.

The key component of the blocking oscillator circuit is a special transformer
that passes a pulse with a minimum amount of distortion. This special
transformer is called a puise transformer. The schematic shown in Figure 3
is for a common type pulse transformer used in the blocking oscillator
circuits.

Figure 3

PULSL TRANSFORMER SCHEMATIC SYMBOL
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NARRATIVE
LESSON 4

Blocking Oscillator

When you Studied oscillators previously, you learned about oscillators which
provide a sine-wave output. In Module 23, you learned about an oscillator
wnich provided a square, or rectangular, output waveform. Recall that this
type of oscillator was called a wultivibrator.

. ' L
another type of oscillator which provides a non-sinusoidal output is the
blocking uscillatur. This type of oscillator, which is sometimes called a
pulse repetilion frequency generator, is ysed to trigger circuits in
cleclronic equijmment  such as radar, towpulers, and television, 1L is used
whenever pulses are required to trigger or control  other circuits.
lhe drawing shown in Figure 1 is o block diagram for a blocking oscillator,
togethier with a typical output waveforn.

BLOCKING M M, I
osciLaror > OV 4

Figure 1

FREE. RUNNING BLOCKING OSCILLATOR QUTPUT

The oulput pulse frequency and amplitude of a blocking oscillator will vary
depending upon the particular equipuent with which it is used. Blocking
uscillator circuitry is capable of providing pulses that vary from 200 to
2uU0 pulses per second {PPS}). The oscillator provides an output pulse which
is very narrow. The on time, or pulse time, is relatively short; whereas
the uff, or rest tine, is quite long.

There are a number of terms relating to blocking oscillators with which you

should becouwe familiar. These terms are also used with radar equipment.
Tue terms, or concepts, are Shown pictorially-in Figure 2.

(PW)

¢ PULSE WIDTH: PULSE REPETITION TIME
T 0] (PRT)

Figure 2
PULSE TERMINOLOGY

185
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Fiyure b shows the schematic for a basic blocking oscillator circuit.

SATURATION

Figure 5

bLOCKING OSCILLATOR ACTION

Besides the schematic diagram, a waveform plotted against time is also shown.
showing the waveform in relation to time will help you understand the total
operation of the blocking oscillator circuit.

Transistor Yl is forward biased as the result of the.action of R1, Because
of this forward bias, when power is applied, the transistor conducts. This
results jn a smaller resistance between the emitter and collector of Ql. As
a result, current flows from ground through Ql, the primary of transformer
T1, to Vcc. Simultaneous with this there is a negative polarity at pin 1l
and a positive polarity at pin 3 due to transformer action. This positive
signal on the base of Q) increases the transistor's forward bias and as a
result the transistor conducts more., This action continues until the
transistor or the pu’se transformer reach the point of saturation. Because .
of its design, the transformer normally reaches the saturation point before
the transistur does. The waveform shown to the riaht-of the schematic in
Figure 5 illustrates the saturation condition,




‘Narrative .t Thirty Two=-4

The pulse transformer has three windings. Besides a primary and secondary

winding, this transformer has an additional winding whici is gallgd a

. tertiary winding. The word tertiary means third. The three windings of the
* transformer are wound on the same iron core in such a way that voltages are

induced into both the secondary and teritary winding at the same time.

Notice tha phasing dots shown on the schematic in Figure 3. In this case

the voltage polarity.at pins 1, 4, and 6 is ideantical. Besides having three
windings, the pulse transformer is constructed in such a way that it saturates
at low current levels. This means that once the transformer is saturated,

any additional increase in current through the primary winding does not

result in an increase in the secondary output voltage. This is a desirable
and necessary condition for the operation of the blocking oscillator circuit.

Figure 4 shuws schematics for a free-running blocking oscillator and a basic
Armstrong escillators. »

Figure 4 .

BLOCKING AND ARMSTRONG OSCILLATOR CIRCUITS

. Study the schematics and notice the many similarities. The major difference
between the two schematics is the frequency,determining circuitry. While
the Armstrong oscillator output frequency is determined by a tank circuit,
the blocking oscillator uses an RC network to determine the output pulse -
frequency. This network is comprised of Rl and C1. The frequency of the °
oscillator may be-changed by changing the values of Rl and C1. In the case

of the blocking oscillator, regenerative feedback is provided by the inductive
coupling of the pulse transformer, and the forward bias provided by Rl
connected between Vcc and the base of the transistor Ql.

I~
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Figure 7 also shows the schematic for a blocking oscillator and a waveform.
This waveform shows the effect the complete cnarge on capacitor Cl has on
the transistor,

SATURATION

£

oV '
v1 T0

—_— ]

=
— e ——

Mo e m e

Figure 7

BLOCKING OSCILLATOR ACTION

: : |
Transis. ~ Yl is cut off when the charge on the capacitor Cl1 reaches maximum.
At this time the capacitor charge is equal to the peak secondary voltage of
the transformer across pins 3 and 4 . 01 cuts off ands the large stationary
" maynetic field of flux built around the primary winding of the transformer
collapes. '

*

From your study of inductors recall that an inductor opposes changes in
current flow and therefore, in this particular case, the inductor attempts to
keep current flowiny in the same direction. As a result of this action, &
voltage is induced across terminals 1 and 2 of the transformer with polarities
as shown on the schematic. The induced. voltage across terminals N and 2 of
the transformer is coupled to the transformer's secondary {pins 3 dnd 4) as
shown in the drawing. Study the drawing and notice that at this time the
voltaye across capacitor €l and transformer pins 3 and 4 series -aid and are
yreater than the voltage at Vcc. Transistor Q1 is now reverse biased and
remains so until the magnetic field of the transformer primary winding
collapses and capacitor C1 discharges.
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“As current flows through Ql, capacitor C1 charges to a voltage which is
about equal to the peak secondary voltage of the puise transformer Tl.

Gl CHARGED

/

FORWARD BIAS LEVEL'

T

Figure 6
BLOCKING OSCILLATOR ACTION

Due to the heavy base-emitter forward bias on Ql, the junctior resistance is
very small. Thus, the RC charge time of C1 is short as shown by the waveform
in Figure 6. The.charge on capacitor Cl approaches the peak secondary
voltage 'of the transformer as current through Ql decreases. Wwhen the
capacitor is fully charged, the current between the base and the emitter of
Q1 is reduced to a point where the transistor no longer conducts. At this
time the transistor is cut off.
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The waveforms shown in Figure 9 are included to help you und:rstand the
operation of the blocking oscillator circuit.

FORWARD -
S LEVEL _

ov

BASE
e,

B
s -

AN
INDUCTIVE
COLLECTOR OVERSHOOT

o  (RINGING
0¥

INDUCTIVE OVERSHOOT
oUTPUT
(RINGING)
o\ —

Figure 9
BLOCKING OSCILLATOR WAVEFORMS

Each waveform shows a potential in relation to zero volts. The top waveform
shows the potential at the base of Ql, the middle waveform shows the collector

potenttal, and the bottom waveform shows the tertiary output.

The waveform associated with the base of transistor 01 shows circuit action
when the transistor is forward biased and capacitor C1 is chargina, MNoticge
that the forward bias Jevel is shown by a broken 1ine. During this time the
potential at Vcc is positive and areater than zero. This is shown by the
collector waveform. When the canacitor is fully charged, it is series aided
by the secondary of the transformer. At this time the nenative voltade
-exceeds the positive voltage of Vcc and because the transistor is no lonaer
forward biased, it stops conducting, ’

. 192

19s
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The schematic shown in Figure 8 shows the comporents which detérmine the
Tength of time that the transistor is blocked. A waveform showing the
discharge of capacitor C1 is also shown in the -figure.

+¥%¢ -
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—TI(1-2) MAGNETIC
0l ' S FIELD COLLAPSE

Figure 8
Q1 BLOCKING ACTION

off, or blocked, fogx a significant amount of time during each cycle of
operation. When the magnetic field surrcunding the transformer primary
collapses,the voltage across terminals 3 and 4 drops to zero. The negative
charge of the capacitor C1 causes the transistor to remain cut off. The
capacitor dischargeq through resictor Rl to Vcc,then from ground through the.
transformer secondary winding (terminals 3 and 4} as indicated by the
arrows. The discharge timé of the capacitor is determined by the RC network
comprised of Rl and C1. The concept of RC network charging and discharging -
was covered in Module 11, ’ .

The circuit is calgir}he blocking oscillator because the transistor is cut

Refer to the waveforn shown on the right side of Figure 8 and notice the
discharge curve associated with capacitor Cl, As the capacitor discharges a
negative potential is applied to the base of the ‘ransistor. Because of
this potential, the transistor cannot conduct and is blocked.

tventually, the capacitor discharges and a positive voltage {via Vcc and Rl)
5 again applied to the base of the transistor. Because the transistor is
again forward biased, it conducts, and the transformer action again produces
regenerative feedback and oscillatior resumes. '
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another technique used for reducing the ringing, or cvershoot, is to connect
the diode across the output winding of the pulse transformer. This is also.
shown in Figure 10. In this case, the diode becomes forward biased whenever
the wutput voltage at terminal 6 swings negative in relation to terminal 5.
Because of the diode action, the output overshoot is limited, or clamped, to
within a few tenths of a volt, ’

Waveforms shown in Figure 11 illustrate the output that results from the use
of clanping diodes.

+VCC

COLLECTOR
QI
v

U
n

WAVLFORMS WITH CLAMPING DIODES

QUTPUT
Figure 11
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./’

Look at the bottom waveform and notice that while the capacitor is dis-
charging there is no output between terminals 5 and 6 the tertiary winding
of the transformer. Examine the waveforms and notice the <nductive over-
shoot or ringing effect. This undesirable output is the result of the rapid
Currént change through the transformer wintdings which are basically induc-
tances. The waveforms show that the stored energy of the magnétic field is
not completely absorbed as the field collapses. The collapsing field causes
an induced voltage of opposite polarity across the transformer windings.
Because the damped oscillations may cause problems in other circuits assoc-
jated with the blocking oscillator, several methods for eliminating the
inductive overshoot or ringing have been develoPed.

A common method used for eliminating the inductive overshoot or ringing is
to use clamping diodes as shown in Figure 10.

-

Figure 10

CLAMPING DIODES

CRI, the clamping diode, is placed directly across terminals 1 and 2 of the
pulse transformer's primary. This diode becomes forward biased whenever QI
cuts off and the voltage across terminal 1 and 2 of the transformer takes oOn
the polarity as shown in the drawing. »Because CRI has a relatively low
resistance when forward biased, the 1nduct1ve overshoot voltage and coil
energy is quickly damped. ‘
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.

In this case, resistors R2, R3 and R4 are used as damping resistors. The
resistors absorb some of the oscillation caused by the rapid collapse of the
transformer's magnetic field. In some cases, resistors are used in conjunc-
tion with clamping diodes as indicated in previous frames. The circuit
design and characteristics determine whether clamping diodes and resistive
loads are used together or independently to accomplish the damping.

Fiyure 13 shows a scher-tic diagram for a slight variation of the basic
blocking oscillator circuit. This schematic is for the Nida blocking ]
oscillator which you will use and become familiar with when you complate the
Jjob program associated with this lesson.
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Figure 13
NIDA BLOCKING OSCILLATOR

The basic difference -between this circuit and the blockine oscillator cir-
cuits presented in this Jesson is that termina) 4 of the transformer T1 is
returned to Vcc via ground. Such an arrangement removes the Vec power
source from the discharge path of the capacitor and improves the stability
of the circuit. Other than this difference the operation of the NIDA
plocking oscillator is essentially the same as the basic circuit. 'n this
case, resistors RZ, R3, and R4 function to dampen part of the undesirable
oscillation of the transformer resulting from rapid current variation. One
additional point concerning the blocking oscillator should be made. There
are several variations of the basic circuit, for example, triggered,
synchronized, and divider (count-down) versions. The basic dfstinction
between these circuits and the basic circuit is that these variations
require input triygers.

-
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Narrative Thirty Two-~4

The rinying action of the transformer may also be reduced by using re-istive
joaos, cormonly callea dampers. To accomplish this damping, small va.:

resistors are placed 1n series or shunt with the transformer windings as
shuwn in Figure 12.

Figure 12

BLUCKING OSCILLATOR WITH DAMPING RESISTORS
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Narrative Thirty .Two-4

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS COKRECLTY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY
ARSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YUU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR.FRAMES SO THAT YOU
LAH KLSTUDY THE PARTS UF THIS LESSON WITH WHICH YOU ARE HAVING DIFFICULTY.

(b Yuu FLLL THAT YOU HAVL BATLLD TO UNDLRSTAND ALL, Ok MOST, OF Tl LLSSON,
SLLECT AND OSL ANOTILR WRITILN MLDIUM OF INSIRUCTION, AUDIO/VISUAL MATLRIALS
(IE APPLICABLE), O CONSULATIUN WITH THL LEARNING CLNTER INSTRUCTOR, UNTIL
YUU CAN ANSWER ALL SELF-TEST. ITEMS ON THE PROGRESS CHECK CORRECTLY.

Ay




Overview Thirty Two-5

"32.5.60.6 IDENTIFY techniques used to make small adjustments to the operating
frequency of a crystal by selecting the correct statement from a
choice of four. 100% accuracy is required.

]

- BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW
THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.
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OVLRVIEW
LESSON 5 bos—

Crystal Controlled Oscillators

In this lesson you will learn about the piezoelectric effect and jts relation
to crystals and crystal oscillators. You will study tho use of a quartz

crystal in series and parallel mode oscillator circuits. You will learn about
methods for making small frequency changes in a crystal controlled oscillator

circuit. ‘ .

The learning objectives 'of this lesson are as follows
TERMINAL OBJECTIVE(S);

32.5.60 When the student completes this lesson, (s}he will be able to IDENTIFY
the properties and characteristics of crystals, the component functions
and modes of operation of Pierce and tickler coil crystal oscillator
circuits, and techniques for adjusting the operating frequency of
crystals by selecting statements from a choice of four. 100% accuracy
is required. , :

ENABLING OBJECTIVES:
When the student completes this lesson, {s)he will be able to:

32.5.60.1 IDENTIFY the properties of crystals, including piezoelectric
effect, and the functions crystals perform in an oscillator circuit
by selecting the correct statement- from a choice of four. 100%
accuracy is required.

32.5.60.2 IDENTIFY the schematic. symbol, AC equivalent circuit diagram, and
electrical characteristics of a quartz crystal, both in isolation
and when placed in a metal holder, by selecting the correct symbol
diagram, or statement from a choice of four. 100% accuracy is
required.

32.5.60.3 IDENTIFY the two modes of crystal oscillator circuit operation by
selecting the correct statement from a choice of four. 100%
,accuracy is required.

32.5.60.4 IDENTIFY the circuit diagram, component functions, and mode of
‘ operation of a Pierce crystal oscillator circuil, given the sche-
mat ic diagram, by selecting the correct statement from a choice of
four. 100% accuracy is required.

32.5.60.5 IDENTIFY the circuit diagram, component functions, and mode of
operation of a_tickler coil crystal oscillator circuit, given the
schematic diagram, by selecting the correct statement from a choice
of four. 100%-accuracy is required. :

207
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SUMMAR Y
LESSON 5

Crystal Controlled Oscillators

In any oscillator Circuit, there is a method to select the.desired operating
output frequency. Crystal controlled oscillators provide extremely stable
output frequencies.. The property which allows a crystal to oscillate is
known as the “piezoelectric effect" which is shown in Figure 1.

NORMAL
- CRYSTAL

STRETCHED : COMPRESSED
CRYSTAL CRYSTAL

Figure 1
PIEZOELECTRIC EFFECT

As shown in the figure, tourmaline, Rochelle salt and quartz crystals will
vibrate at their natural resonant frequencies when a voltage is applied.
Conversely, vibrating crystals produce a voltage at a frequency which
depends on the thickness of the crystal. The thinner a crystal is cut, the
higher is both its natural resonant frequency and the AC voltage frequency
it produces. :
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LIST OF STUDY RESOURCES
LESSON 5

.

Crystal Controlled Oscillators

-To help you learn the material in this lesson, you have the option of thoosing,

according to your experience and preferences, any or all of the fellowing
study resources:

Written Lesson presentation in:
Module Booklet:
Summary
Programmed Instruction
Narrative

Student's Guide:

Summary
Progress Check

Additional Material(s):

Video Tape Audio/Visual Program "Crystal Oscillators”

Enrichment Material(s):

Base Electronics Vol. 1, NAVPERS 10087-C .
Electronics Installation ang Maintenance Book (EIMB} NAVSH1PS 0967-000-0120

.,
N

YOU MAY USE ANY,. OR-ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
CENTER INSTRUCTION: HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME.

209




Summary _ ' Thirty Two-5

Electrically, a piece of unmounted quartz crystal is equivalent at a certain
frequency to the series resonant circuit shown in Figure 4.

L R C
Figure 4

AC ELECTRICAL EQUIVALENT OF QUARTZ

when a crystal is mounted in a metallic holder, the electrodes attached to
the crystal appear in parallel with the crystal as shown in Figure 5.

—0

}
!
i
|
'
!
t
1
N —1

|

Figure 5
CRYSTAL EQUIVALENT CIRCUIT

A crysta) oscillator operates at two distinct frequency points, or “modes".
The series resonant mode is the natural resonant frequency of the crystai.
The parallel mode (or anti-resonant mode) is caused by the parallel holder

. capacitance. The parallel mode occurs at & frequency stightly higher than
that of the series resonant mode.
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As in any oscillator, the AC voltage produced by a crystal oscillator will
uainp out unliess reyenerative {(in-phase) feedback is received by the crystal.
The crystal itself provides the regenerative feedback at the required

freguency because of its narrow bandwidth and very high Q. Figure 2 compares
the bandwidths of a crystal and an LC tank.

——'"' l‘ ~= BANDWIDTH

BANDWIDTH
TUNED
FREQUENCY

I.P‘—
W

— - CD4CO

0 fo

FREQUENCY— —— FREQUENCY .

XTAL | LC
Figure 2 ’

CRYSTAL VS LC TANK BANDWIDTH

~

}

Quartz is the most common material used in crystals. The schematic diagram
for a crystal is shown in Figure 3.

.

G Figure 3

CRYSTAL SYMBUL
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The Pierce crystal oscillator shown in Figure 7 is an example of an oscillator
circuit which operates in the anti-resonant mode.

+ Vee

Figure 7
PIERCE XTAL OSCILLATOR

This oscillator is of the common Colpitts type, with the crystal in parallel
with the voltage divider €1 and Cc.. The impedance matching functions
perforined by the low reactance of C1 and the high reactance of C.

maintain the crystal’s high Q and stable opersting frequency. The ratio of
the capacitive reactances of €1 and C determines the amount of regenerative
feedhack reaching the crystal.
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The effptt of the twe modes of operation are shown in the frequency response
diagra:@nvﬁgure 6.

—r
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fs fp
FREQUENCY ——

Figure 6

CRYSTAL IMPEDANCE VS FREQUENCY

As the frequency of a voltaye applied to a crystal approaches the series
resonant frequency {fs), the impedance of the Crystal drops to a very low
value. As the frequency of the applied voltage approaches the parallel
resonant frequency (fp)}, the impedance increases sharply, thus exhibiting
the characteristics of a4 parallel resonant tank.
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In crystal vscillators, exact adjustments may need to be made to the crystal

Adue to circuit requirements or crvstal aging. Small adjustments to its

operating frequency, called "pulling the crystal”, can be made by placing a

variable capacitor or inducter in series or in parallel with the crystal. A

Euwll-value trimmer capacitor is often used as shown by component C4 in
igure 9. .

+ Vce

S OUTPUT

Figure 9
PIERCE CRYSTAL OSCILLATOR WITH TRIMMER

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. IF YOU INCORRECTLY
ANSWER“ONLY A FEW UF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE

WILL REFER -YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU

CAN RESTUDY THE PARTS UF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU
FLEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT

AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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The tickler cuil {Arustrony) crystat oscillator shown in Figure 8 is an

exguple of an oscillator circuit which operates in the series resonant
ude.,

Y1
[JF

Ql

—Vce

Figure 8

TICKLER COIL CRYSTAL OSCILLATOR

The L1C1 tamk acts as the collector Toad, and is tuned to the crystal's
resonant freguency. The ¢rystal operates as a series resonant circuit to a
single frequency which it passes to the base of Ql. The crystal filters out
all otner frequencies thus providing frequency stability.
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PROGRAMMED INSTRUCTION
LESSON 5

Crystal Controlled Oscillators

TEST FRAMES ARE 5, 11, 17 AND 21. GO FIRST TO TEST FRAME 5 AND SEE IF YOU
" CAN ANSWER THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST
FRAME. ‘ '

(::) A1l oscillators you have studied have had some method of frequency
selection, or filtering to establish the operating output frequency. It may
have been done by a& LC tank circuit, by an RC phase shift network, or hy
some other filtering method. ATl such methods produce useful results in
ma ny cireuﬁt applications. However, these oscillétors may not be stable
enough when extremevjrequency stability at high frequencies is 1hportant.

These oscillators may have frequency limftatfons or frequency instability.

One way to get the stability required is to use a crystal controlled oscillator

XTAL oscillator).
Crystal oscillators have extremely aood frequency

.. mixing
stability
phase shifting
modulating

stability

(::) Tourmalipe, rochelle salt, and quartz crystals have special properties that
are useful in electrical circuits. What aré these properties? Each of

. the crystals mentioned above has the ability to produce a voltage when
préssure is applied to ft. Coﬁversely, each exhibits a mechanical strain

when a voltage is applied to it. This property fs called the "piezo electric

a.
effect” and is 111us'rated in Figure 1.

210
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(::) As a voltage variation iS5 applied to a crystal, it will vibrate at its
natural resonant frequency. Generafly, the natural resonant frequency is

dependent on the crystal's thickness, as shown in Figure 2,

LOW MEDIUM HIGH
FREQUENCY FREQUENCY FREQUENCY

Figure 2
CRYSTAL FREQUENCY VS THICKNESS )

As you can see, the thinner a crystal is cut, the higher {or fa;teg) is the

crystal's vibration freguency.

As a yiven crystal is cut thinner, the natural frequency or vibration

procuced Dy an applied voltage will (increase/remain the Same/decrease).

increase

A crystal vibrating at its natural resonant frequency produces a ;oltage
variation it that frequency. The voltage output from a vib(ating crystal
has charaCteristics similarto those of an LC tank circuit.- If the cr&stal
does not receive regenerative (in-phase) feedback, it will produce a damped-
S wave output as does the tank circuit. In order to use a érystal in an oscillathr
?

circuit, the AC signal that excites the crystal must occur at its patural

frequency. - 212

21%
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| NORMAL
CRYSTAL

STRETCHED : ) COMPRESSED
CRYSTAL Figure 1 CRYSTAL

PIEZOELECTRIC EFFECT

In the normal crystal, notice that the static charges (shown by “+" and "-")
are lyiny so thd; there is no meaSuraﬂle voltage across the crystal.

However, 11 the pressure distorted crystals, a definite voltage can'be felt
on the crystals as pressure is applied-in one direction or the other. The
pularity of the voltaye is determined by the type of crystal and-by how the
crystal is cut. This ability of the crystal to produce a voltage as pressure

is applied is called the piezoelectric effect. The piezoelectric effect

alsu causes the crystal to compress and stretch as a voltage is applied tg
it Therefo}e, in a crystal, applied pressure causes a voltage, and applied
voltage causes ﬁreSSure distortions.

As a result of the piezoelectric effect, applying pressure oﬁ a crystal

causes a across it, and applying a

it cquses pressure distortions in the crystal.

voltage, voltaye
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(::) THIS IS A.TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN
ATITHE TOP OF THE PAGE FOLLNWING THE QUESTIONS.

1. Crystal oscillators are noted for having {better/poorer) frequency

stability than other opsciliators.

¢. Crystals convert applied voltaye into 1nternal pressure changes,- and

convert pressure chanyges into voltages by using the

effect.

3. A thick crystal has & (higher/lower} natural resonant frequency than a

thin crystal.

4. A crystal will function in n oscillator circuit if it receives in-phase,

or , feedback.

. In a crystal controlled oscillator, frequency selection is performed by
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You have Jearned in your earlier studies that an amplifier will oscillate if
it receives a4 regenerative signal. This oscillation will be anywhere within
ENe frequency response of the amplifier. Therefore, some method of frequency
selection, or fiitering, is needed. 1In LC tank circuit oscillators, frequency
selectionused the LC tank circuit. [n crystal controliled oscillators, the
crystal acts as the frequency selection device. Because a crystal has a

very hiyh 4 and & narrow bandwidth, crystal controlled oscillators are more
stable than LC tank type or RC phase-sh{ft oscillators. The bandwidth of a

crystal and an LC tank are compared in Figure 3.

BANDWIDTH
TUNED
FREQUENCY

gan

0
U
T
P
U
T
!

° FREQUEfNOCY—h ‘ — FREQUENCY

XTAL LC

Figure 3
CRYSTAL VS. LG TANK BANDWIDTH

In a crystal controlled oscillator, frequency selection is done by

an LC tank circuit

an KC network

the crystal
regenerative feedback

) ) T W W v kA kB A A

€. tne crystal
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better
piezoelectric
Tower
regenerative
crystal

IF YOUR ANSWERS MATCH, GO ON TO TEST FRAME 13. OTHERWISE, GO BACK TO FRAME
1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 5 AGAIN.

(::) Uudr{z\is the most commonly used type of crystal. (uartz crystals are

- economical, durable, and easy to cut in their natural state.

A1l crystals are affected by heat or excéssive temperatures. As the tempera-
ture changes, so does the physical size of the crystal. You already krow

that crystal size determines the natural frequency of the crystal. TherefOre,
it is easy to see that a stable crystal oscillator requires a stablé tempera~
ture environment. In many crystal oscillators, the crystal itself is placed
in 4 temperature.controlled device called an oven. In other CF&Stal oscillator

circuits, the components used may be temperature compensated.

Temperature changes (affegt/do noi affect) the natural frequency of a crystal.

affect

(::) The schematic symbol for a crystal is shown'in Figure 4,

%Dl—

Figure 4

CRYSTAL SYMBOL

As you can see, the symbol is descriptive of the device which basically is a

piece of quartz between two metallic plates.

Q22
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The electrical equivalent of a piece of quartz crystal is a series )

resonant circuit as shown in Figure 6.

L- R C o

Figure 6
ELECTRICAL EQUIVALENT OF QUARTZ

As you remember from your study of resonance, a series resonant circuit has

a characteristic Jow impedance equal to the resistance of R, {XL = XC and

oppose each other.)

-

Since any two parailel metallic surfaces have capacitance between them, the

efectrodes attached to the crystal act as the plates of a capacitor.

Therefore, the actual equivalent circuit of a crystal in a metal holder is

as shown in Figure 7.

I -Q
'
) '
L :
1
|
|
—d
-
c -
1 Vh
RS :
» \
i )
{ CT !
- t o ¢
Figure 7

CRYSTAL EQUIVALENT CIRCUIT

218 '
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In a circuit, the piece of quartz wust he physically held rigid. 1t must
also have metallic-plated electrodes attached to it for the application of
an AC voltage. 1In Figure 5, a quartz crystal is shown mounted in a hoider

which provides these features.

PLATED
ELECTRODE

QUARTZ CRYSTAL —~— SUPPORT
: ROD

CRYSTAL TERMINAL

-

Figure ©
CRYSTAL MOUNTED IN HOLDER

A quartz crystal is mounted with metallic attached to

it for the application of an AC signal.

S i e S

electrodes

217
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Lets conduct a simple experiment on paper to see how a crystal operates

in the series resonant and parallel modes. Fiqure 8 shows a simple test

+

circuit set-up.

OEMODULATOR 0'SCOPE

SWEEP vV
FREQUENCY -4
e

GENERATOR !

Figure 8
XTAL TEST CIRCUIT

This circuit consists of anRF sweep generator connected to a circuit consisting
of a resistor in series with a crystal. As the generator frequency is swept
from a point below the crystal's natural frequency to a point above it, the

oscilloscope displays the pattern as shown in Fiqure 8,

This ‘pattern is shown in greater detail in Figure 9.

—

MOZPOMUI~—

Q

fs f
FREQUENCY —»
Figure 9

o

CRYSTAL IMPEDANCE VS FREQUENCY

220
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The capacity labelled "Cp" is called the "holder capacitance" and appears

in shunt with the crystal.

The equivalent circuit for a piece of quart? crystal is a {series/parallel)

resonant circuit, and the metallic eléctrodes°ittdghgﬂ to the crystal act as

a shunt (resistor/capacitor)?

series, capacitor

. Quartz crystals have two different modes of operation caused by the

electrical properties of the cr&sta] itself and the crystal holder. The

crystal itself forms the basic series resonant mode in which the crystal
resonates at its natural frequency. The holder-capacitance 1n‘para11e1 to

the crystal forms the parallel mode, or anti-resonant mode. These two modes

of operation do not occur at the same frequency. The parallel mode occurs
« iy :

at a slightly higher frequency than the series resonant mode (about ,2%

higher than the series resonant fo).

{ .
These two operating modes are very.important in the operation of crystal

oscillator circuits. One type of circuit will be designed to take advantage
of the serieS resonant mode, and another type of circuit will take advantage
of the parallel rwode. The mode that is used will influence the oscillator

—_—

operating frequency.

The parallel mode of operation for a crystal in an.oscillator circuit occurs
]

at a frequency which is slightly (lower/higher) than the series resonant
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(::) THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE‘CORﬁECT ANSWERS
GIVEN AT THE TOP OF THE PAGE FOLLOWING THE QUESTIONS.

In 2 crystal escillator, temperature compensation (is/is not) necessary.

to maintain frequency stability.

-

Which of the following symbols in Figure 10 below-is the schematic symbo’

for a crystal?

—

Figure 10




P.1. Thirty Jwo-5

You can see that, as the frequency of the applied voltage approaches fs

{series resonant frequency); the crystal's impedance becomes very low. As
the yenerator frequency is woved s1ightly higher to fp (parallel resonant
frequeﬁcy), the cnystéi's impedance increases rapidly. At fp, the crystal

appears as a parallel resonant tank with its characteristic high impedance.

An KF siynal applied to a crystal at jts series resonant frequency sees a

{(Jow/hiyh} impedance, and an RF signal applied at the crystal's parallel

resonant frequency sees a {low/high) impedance.

- e o e e e A s A T e T g

Tow, high
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series resonant circuit
shunt capaciter

.- high impedance

IF YOUR ANSWERS MATCH, GO ON TO TEST FRAME‘I?. OTHERWISE, GO BACK TO FRAME 6
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 11 AGAIN.

@ Now let's look at the operation of some crystal escillator circuits.

A very common circuit is shown ih Figure 11,

+ Vee

Iy

> OUTPUT

Figure 11
PIERCE XTAL OSCILLATOR

The Pierce oscillator in the figure is of the basic Colpitts type. When

Colpitts oscillators are mentioned, you should immediately think of the

capacitive vo?tage divider network across a tank ¢oil, which is characteristic

of this oscillator.

The Pierce oscillator in Figure 11 is of the basic
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The electrical equivalent of a piece of quartz crystal is a

a. series resonant circuit
b. parallel resonant circuit
c. cdpacitor

d. diode’

The electrodes attached to a crystal oscillator function electrically as a

a. series capacitor
b. series resistor
€. shunt capacitor
d. “shunt resistor

The series resonant mode of operation for g crystal is at a slightly

{lower/higher) frequency than is the parallel mode of operation.

A crystal that operates in the parallel mode, appears-as a

a. capacitive reactance
b. low tmpedance
c. impedance

high impedance
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Figure 12
PIERCE OSCILLATOR - AC EQUIVALENT

~
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(::) Fiyure 12 shows the equivalent capacitive voltage divider circuit in a

crystal controlled Pierce cscillator.

Figure 12
PIERCE OSCILLATOR - AC EQUIVALENT

The equivalent crystal circuit is within the dashed lines. Notice that the
crystal is operating in the baral]e] mode. Capacitors Cl and C¢ are in
parallel vith the crystal te form the capacitive voltage dividef. Capacitor
Ll is a real component. However, Cc represents the internal capacity of
the,transistor and the related output capacity between collector and
emitter; Lc is usually a re]etivel& small capacitdnce, Iéss than one-tenth
tne value of Cl. Therefore, the reactance of Cc is about ten times greater

Lhan the reactance of (i,




Let's contfnue our discussion of the AC equivalent Pierce oscillator

circuit. figure 13 repeats the circuit shown in figure 12.

WA

e
TTT T T

Fiqure 13
PIERCE GSCILLATOR ~ AC EQUIPMENT

In the figure, C1 and Cc determine th2 amount of regenerative feedback
provided at the base of Ql, and indirecily to the crystal. Increasing the
value of Cl uoulq decrease its reactance, thus decreasing the feedback
voltaye applied to Ql. The amount of feedback reaching the crystal is a
critical factor in crystal oscillators. Too little feedback results in
weak , unstaﬁle,-or even no oscillations. Too much feedback produces
unstable and-diigorted outputs, and may even overdrive the crystal causing

peruanent damage.

Crystals are fragile devices, and should not be subjected to undue stress
and strain. Electri'cally, this requires restriction of the drive voltage
and current to specified limits, Physically, this requires that the crystal
be nandled with care. It should not be dropped or subjected to temperature

extresies. when you solder crystals, you should make sure that the leads

are heat-sinked to avoid possible internal crystal damage.

228 234
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A careful study of this circuit arrangement shows that the tapped capacitive
divider performs the very important impedance matching function required in
bipolar (wo-junction) transistor circuits. Recall from the earlier lesson
on Q that placing paraliel resistance across an LC tank tends to lower the
tank's Q. Thus, in this circuit, the transistor base-emitter and emitter-
collector resistances would tend to reduce the high Q of the crystal.
Howeier, this action is minimized by matching the 10w reactance of C1 to

the low base-emitter resistance and the-high reactance of C¢ to the high
emitter-collector resistance. This matching of impedance maintains the

crystals high Q and stable operating freguency.

In Figure 12, the crystal's high Q and stable operating frequency are

maintained due to the function performed

by components

impeaanhe matching, Cl and Cc
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(::) The function of the components in the-Pierce crystal oscillator, shown

in Fiyure 14, now will be discussed.
+ Vee

— ——>oUTPUT

Figure 14
PIERCE XTAL GSCILLATOR

Ihe circuil in the 1idure is composed ot ¢ hasic common-emitter amplifier
stage Yl with related components R1, RZ, R3, €2, and C3. The crystal
oscillator components are Y1, Cl, and the radio frequency choke (RFC). A
resistor could replace the RFC. However, the RFC has the advantage
of a low uC resistance with high AC reactance. Thus the RFC has less

crystal loading than would a common resistor, and allows lower values of

cc than a_resistor. /

a—

In Fiqure 14, the three crystal oscillator components are

Y1, C1, RFC (in any order)

i
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Crystals may be damaged if
a. they receive too much regenerative feedback.
"they receive too 1itt1e'regenerat1ve feedback.
the drive voltage and current exceed specified }imits.

both a and ¢ above.

o T e v e i W R am W P L L ] e W e A - - -

both a and ¢ aboye.
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(::) THIS IS’& TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE PAGE FOLLOWING THE QUESTIONS.

Ust FIGURL 16 BELOW OF A CRYSTAL OSCILLATOR CIRCUIT TO ANSWER QUESTIONS 1
THROUGH 5.

"W

>OUTPUT

Figure 16

The figure is a circuit diagram for a crystal
oscillator. -

The crystal is operating in the (series resonant/parallel) mode.

The jnternal capacity of the transistor is represented by component

Regenerative feedback is determined by components Cc and

Emitter stabilization is provided by components
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The operation of the Pierce oscillator circuit shown in Figure 15 is

not hard to understand.

Figure 14

PIERCE XTAL OSCILLATOR

When power is applied to the circuit, current flows through Rl apd R2 to
Vee. The base ofvul becomes forward biased, which allows current to flow
through Q1 from emitte;ﬂzo collector. The voltage stress across Crystal Yl
develops internal crystal vibrations which produce an AC voltage on the
base of Ql. This AC voltage is amplified and inverted 180° by Q1. The
crystal then acts to c?uple thelsignal back to the base of Q1 witn another
180° phase shift. This occurs at the parallel resonant frequency of the

crystal. The result is a stable, high frequency output signal suitable for

many applications in commynications and electronics equipment where a

signal with constant frequency and amplitude are required.
Many variations of this c¢circuit are used. In one variation, a tuned tank

is uskd as the collector l1oad instead of the RFC. Other variations include

the use of either P"" or NPN transistors.

In the Pierce crystal oscillator, the AC voltage produced by the crysta] is
fed back to the of the transistor.

e - Y A i

Yoy .
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Pierce
pardallel
Cc

C1

Rl, R2

IF YOUR ANSWERS MATCH; GO ON TO TEST FRAME 21. OTHERWISE, GO BACK TO FRAME 12
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 17 AGAIN.

An example of a crystal oscillator circuit using the series mode of

operation is shown in Figure 17.

Yl
il

~Vee
Figure 17

TICKLER COIL CRYSTAL OSCILLATOR

This circuit is a basic tickler coil (Armstrong) oscillator with a crystal
inserted in series with the feedback path. Component Rl, in relation with
Vee, provides forward bias for Q1. This enables the transistor to

conduct and the oscillator to start. Tank circuit L1-Cl acts as the
collector load for (1, and is tuned to the crys;al frequencyi L2 provides
180° phase shift to the tank signal, and couples a small amoﬁnt of this
radio frequency energy to crystal Y1. The cryst;?\gperates as a series.

resonant circuit to a single frequency, which it passes to the base of (1.

Therefore, a total phase shift of 360° is achieved at the single frequency

1 is acting to filter out all

determined by Y1. The single frequency i?g::j operating frequency of the

oscillator, or fo. 1ln this case, the crys

frequencies except the desired.oscillating frequency.

2y <40
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(::) Figure 18 shows an example of pulliing the crystal in a Pierce crystal
oscillator

RFC

cz WL
4 t——>outpPUT

Figure 18
PIERCE CRYSTAL OSCILLATOR WIT:* TRIMMER

In the figure, component C4 is a small value trimmer capacitor which is
placed in parallel across the crystal. This trimmer capacitor allows for

precise adjhstment of the output frequency to an exact value.

In Figure 18, the component which allows precise adjustment of the crystal's

output frequency is




P.l. Thirty Two-5

In Figure 17, the total phase shift of 360° is provided by components

and .

T T

Le, Q

(::) Althouyh the primary characteristic of crystal oscillators is their

frequency stability, there is a need to change that frequency over a small
hY

.
range. Many applications require that fine adjustments be made to the

.

vperatinyg frequency in order to make them more exact. Also, crystals do

age causing changes in their structure which affect the resonant frequency.

The technigue for‘making small adjustments to the operating frequency of a

crystal is called pulling the crystal, Electrically, pulling a crystal

requires that a variable reactance is placed either in series or tn parallel

with the crystal. The reactance may be either inductive or capacitive.

The technique of pulling a'cnystal atlows for small adjustments to be made

in the crysial's operating

- - - - - s B s ek L ——— -

frequency
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@ THIS IS A TEST FRAME: COMPLETE THE TEST QUESTIONS, AND THEN COMPARE YOUR
ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE
QUESTIONS. _

USE FIGURE 19 BELOW OF A CRYSTAL OSCILLATOR CIRCUIT TO ANSWER QUESTIONS: 1 THROUGH
3.

-Vee

Figure 19

Eh

The oscillator in the figﬁ#;‘is called a/an

crystal.oscillator.

The crystal operates in the: {series resonant/parallel) mode.
RF energy in the collector load tank circuit is phase shifted 180 degrees

by component and another 180 degrees by




Time waits for no man. ..
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1. tickler coil (or Armstrong)

2. series resonant

3. L2 and Q1

4. b. allows for fine tuning of the crvstal

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU HAVE CbMPLETED THE PROGRAMMED
INSTRUCTIUK FOR LESSON 5, MODULE THIRTY TWO. OTHERWISE GO BACK TO FRAME
18 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 21 AGAIN.

AT THIS PUINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE

WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU

CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF

YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON,

SELECT AND USE ANOTHER WRITTEN MEDIUM DF INSTRUCTIDN, AUDIO/VISUAL MATERIALS
(IF APPLICABLE), OR CONSULTATION WITH THE LEARMWING CEXTER IWSTRUCTOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PRDGRESS CHECK CORRECTLY. '
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4. What is the function of component C4 in the Crystal oscillator circuit

shown below?

+ Vce

C4

R’§ YI - c3 YW
4\

i > OUTPUT

Ql
=cl

R2 l

R3 c2

Provides the oscillator with a voltage divider network.
Allows for fine tuning of the crystal.
Impedance matches input and output signals.

Phase shifts the crystal output by 180 degrees,
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NARRATIVE
LESSON 5

Crystal Controlled QOscillators

In any osciilator circuit, there is 2 method to select the desired operating

output frequency. The methods of frequency selection previously studied--

the LC tamk circuit, RC phase-shift network, etc--produce useful results in

many applications. However, when extreme stability at high frequencies is

required, these methods often aren't good enough. Another type of oscillator,

the crystal controlled (XTAL) oscillator, can provide this greater stability
by using the properties of a crystal.

The property which allows a crystal to oscillate is known as the “piezoelectric
effect." Tourma]ine} Rochelle salt, and quartz. crystals all exhibit this property,
which is illustrated in Figure 1.

NORMAL
CRYSTAL

STRETCHED COMPRESSED
CRYSTAL : CRYSTAL

Figure 1
PIEZOELECTRIC EFFECT

-

In the normal unstressed crystal, the static charges (+ and - ) are distri-
buted so that no voltage is measurable across it. When the crystal is
compressed or stretched by the application-of pressure, the charges become
polarized and a definite voltage can be felt. The polarity of the voltage
depends on the type of crystal and the way it has been cut.
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The bandwidth of a crystal and an LC tank are compared in Figure 3.

—"'J L— BANDWIDTH ‘

BANDWIOT
TUNED
FRFQUFNCY

——-CO~CO

¢

- —ACTD-CO

4 -
FREQUE NOCY——P —— FREQUENCY

XTAL
Figure 3 Le

./../

CRYSTAL VS LC TANK BANDWIDTH

One "important factor in the frequency stability of crystals is temperature.
Changes in.temperature can alter the shape and size of the crystal and
thereby  affect its frequency. For this reason, a stable crystal
oscillator requires & stable temperature environment. Where the highest
possible stability is required, the crystal may be placed in a temperature-
controlled device called an oven. In less critical oscillatdr circuits, the
use of temperature-compensated circuit components provide: a stable enough
environment. : .

Because it is economical, durable, and easy to cut in its natural state,

quartz is the most common material used in crystals. Figure 4 shows the
schematic symbol for a crystal.

aills

Figure 4
CRYSTAL SYMBOL
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The piezoelectric effect also works in reverse. Just as applying pressure
to a crystal causes a voltage to be produced, applying a voltage will cause
the crystal to exhibit pressure distortions. The crystal will compress or
stretch, depending on the polarity of the voltage applied. In addition,
after the momentary application ‘of a voltage, the crystal will alternate
between compression and stretching, vibrating at § specific frequency. The
frequency at which d given crystal vibrates is called its natural resonant
frequency and is determined by the thickness{t) to which it has been cut, as
Figure 2 111ustratps ~

|

LOwW MEDIUM HIGH
FREQUENCY FREQUENCY FREQUENCY

Figure 2
CRYSTAL FREQUENCY VS THICKNESS

A momentary application of vo]tage causes a crystal to vibrate at its

natural resonant frequency. This vibration, and the sinusoidal (AC) voltage
it produces, will damp out and cease unless the crystal receives regenerative
(in-phase) feedback 1ike that required in an LC tank circuit. In other
words, to keep the crysta] vibrating at its natural resonant frequency, a
regenerat1ve AC feedback signal must De applied.

As stated in earlier lessons, if an amplifier receives a regenerative

signal, it will oscillate. Because this oscillation can be anywhere within
the frequency response of the amplifier. some methgd-of frequency selection,
or filtering, is needed. In the case of a crystal-controlled oscillator,

the crystal itself acts as the frequency selecting device. DBecause its
natural resonant frequenCy is very precise, a crystal has a narrow bandwidth
and very high Q. Therefore, .crystal controlled oscillators are more selective
and more stable than LC tank type or RC phase-shift oscillators.
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Electrically, a piece of quartz crystal, unmounted, is equivalent to the
series resonant civrcuit shown in Figure 6.

L~ R C
O Y Y Y N A AN e--<)

Figure 6
AC ELECTRICAL EQUIVALENT OF QUARTZ

Like the series resonant LC circuit, studied earlier, a crystal by itself,
at a certain frequency, has a characteristic Tow impedance equal to the
resistance of R. (XL and XC equal and oppose each other.} However, when
the crystal is mounted in the metal holder, another factor is added. Since
any two parallel metallic surfaces have capacitance between them, the

_ electrodes attached to the crystal act Tike the plates in a capacitor,

Therefore, the .actual equivalent circuit of a crystal in its metal holder is
as shown in Figure 7.

. T e
v 0
i
L i
1
[
) l
' . i
-
R 1 CH
i
|
0
A 1
' j
i o ,
<
Figure 7

CRYSTAL EQUIVALENT CIRCUIT

" 246

2352
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The symbol is descripti.e of the construction of a crystal: a piece of
quartz between two metal.ic plates. The quartz must be held rigid so that

it can vibrate and must have metallic electrodes attached so that voltage
can be applied.

A quartz crysta) is shown mounted in a holder in Figure 5.

<

PLATED
ELECTRODE

QUARTZ CRYSTAL ~+— SUPPORT

ROD
SOLDER

BLOB

CRYSTAL TERMINAL

Figure 5
CRYSTAL MOUNTED IN HOLDER

R34
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This pattern is shown in greater Hetail in Figure 9,

—

e o o o e o — ey

Q

t's P

FREQUENCY —»

moOZromo—

-~

Figure 8

CRYSTAL IMPEDANCE VS FREQUENCY

As the frequency of the voltage applied to the crystal approaches its series
resonant frquency {fc), the impedance of the crystal drops to a very low -
value. Then, as the generator frequency sweeps slightly higher, approachtng
the parallel resonant fregquency (fp), the crystal's impedance increases
sharply. At fp, the crystal exhibits the high impedance which characterizes
resonant tank. '
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-

As the figure shows, the holder capacitance (Cn) appears in shunt with

the crystal. The add1t10n of this capacitance makes it poss1ble for the
crystal to operate at two distinct frequency points, or "modes.” The first
of these, called the basic series resonant mode, is the natural resonant
frequency of the crystal The second, called the parallel resonant mode {or
anti-resonant mode), is caused by the holder tapacitance being tn parallel
with Lhe crystal. The parallelresonant mode occurs at a frequency slightly
higher than that of the series of resonant mode.

These two modes are the keys to understanding the operation of crystal
oscillater circuits, which are designed to take advantage of either one
mode or the othe*. A simpie experiment on paper demonstrates how a crystal
can act as either a series or parallel resonant circuit. The set-up for
the esxperiment is shown in Figure 8.

DEMODULATOR )
/ O SCOPE

SWEEP FREQUENCY

GENERATOR (ES;)

Figure 8
XTAL TEST CIRCUIT

This set-up consists of an RF sweep gentrator connected to a circuit %n
which a resistor has been placed in series ywith a crystal. As the generator
frequency is swept from a point below the crystal's natural resonant frequency

to a point above it the oscilloscope displays the pattern as shown in the
figure.
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In order to bette?‘exp?ain the operation of the Pierce osciliator, an
equivalent version of the circuit is shown in Figure 11.

u".

Figure 11
_ PIERCE OSCILLATOR--AC EQUIVALENT

The crystal, shown inside the dashed lines, operates in the paraliel mode.
Cl and C. are in parallel with the crystal, forming the capacitive voltage
divider. Cl is a real capacitor. C. represents the internal capacity of
Ql and the associated capacity between its collector and emitter. C. is a
relatively small capacitance, usuaily less than one-tenth the value of Cl.
The reactance of C. is therefore usually about 10 times greater than that
of Cl. o

circuit, this tapped capacitive divider is abl& to perform the very important
impedance matching function required in bipglar' {2 junction) transistor
circuits. Study figure 11 carefully. Just as in an LC tank circuit, the

- transistor's base-emitter and emmitter-collector resistances will tend to
reduce the high Q of the crystal. However, this action is minimized by
matching the tow reactance of Cl to the Yow base-emitter resista.ce, and
matching the high reactance of Cc to the high emitter-collector resistance.
This impedance matching maintains the crystal's high Q and stable operating

_ frequency. : )

Because of the way the different values of Cli;m Cc are arranged‘in the
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The first of two types of crystal oscillator circuits to be presented in

this Jesson, the Piercs oscillator, is shown in Figure 10.

-+ Vee

Figure 10

PIERCE XTAL OSCILLATOR

-

The Pierce oscillator shown is related to the very common Colpitts type. A
capacitive voltage divider network across a tank coil is chbracteristic of

this type of oscillator. .
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Figure 12
PIERCE XTAL QSCILLATOR

The circuit consists of a basic common-emitter amplifier stage (Q1 and
related components R1, R2, R3, C2 and C3) with added crystal oscillator
components Y1, Cl, and the radio frequengy choke (RFC).- A resistor could
replace the RFC. However, the RFC's lTow DC resistance and high AC reactance
cause 18ss crystal 1oad1ng, and permit lower Vcc values than would be
possible with a resjstor. :

R1 and R2 provide forward bias for Ql, while R3 and C2 provide emitter
- stabilization. C3 couples the Sine wave oscildator signal to the next
stage. -Cl, as shown above, provides the optimum-feedback voltage to the

base of* Ql. . —

When power is applied, current f]ows through Rl and R2 to Vcc. The base
-of Ql becomes forward biased, altowing current to flow through Ql from
emitter to collector. Vo]tage stress across crystal Yl causes the crystal
to vibrate, produC1n? an AC voltage which is applied to the base of Ql.
. This voltage is amplified and inverted 180° by Ql.. This signal is then
coupled though the crystal, with another 180° phase shift, back to Ql's
base. This action occurs at the paral]el resonant frequency of the crystal.

The result is a stable, high frequency output signal suitable for those
applications where a s1gna1 with constant frequency and amplitude is required.
Several variations of this circuit exist. In one, a tuned tank is used as
the collector load, replacing the RFE. Othér variations inciude replacing
the NPN traniistor shown with a PNP type or with a field-effect transistor
(FETJ. FETs are the subject of h later lesson.
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The ratio of the capacitive reactances of C1 to C¢ also determines the
amount of regenerative feedback applied to the crystal, via the base of Ql.
1ncreasing the value of Cl, for example, would decrease its reactance, thus
decreasing tne feenback voitage anplied to QI. The amount of feedback
reaching the crystal is, of course, a critical factor. Too little fecdback
results in weak or unstable oscillations, or even Staliing. Too much
feedback preduces an unstable, distorted output and may overdrive the
crystal, causing permanent damage.

Crystals are fragile devices which cannot be subjected to undue stress and
strain. clesirically, the drive voitage and gurrent must be kept to specified
limits. Physically, care must be taken in the handling of crysta's. They
should not be dropped or subjected to extreme temperatures. Also, to avoid

possible internal damage, the crystal's leads should always be heat-sinked
during sﬁldering.

Returning to the diagram of the Pierce crystal oscillator, the function of
its components can now be discussed. Look at Figure 12.

11117
- &——>ouTPUT

Figure i2
PIERCE XTAL OSCILLATOR

251 254
a
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The Pierce oscillator utilizes the crystal's parallel,
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or am.i-resonant,

mode. An example of a crystal oscillator circuit which utilizes the series

mode of operation, the tickler coil (Armstrong) crysta! oscillator,

in Figure 13.

Y
2l
Ql .
o Lo
RI Li .
= —Vce : = =
Figure 13

TICKLER COIL CRYSTAL OSCILLATOR

This circuit consists of a basic tickler coil osci 11ator with a crystal
inserted i~ series with the feedback path.

When power is applied, current flows through‘Ri to Ve providing forward

bias to Ql.

This enables the transistor to conduct and the oscillator to

start. Tank circuit L1-Cl acts as the collector load and is tuned to the

crystal's resonant frequency.

L2 causes & 180° pivase shift in the tank

signal and couples a small amount of this RF energy to crystal Yl. Tae

crystal operates as a series resonant circuit to a single frequency {its own
natural-.resonant frequency}, which it passes without phase shift to the base
n this way, a total 360° phase shift is.achieved at the single
This frequency becomes the operating frequency
The crystal acts to filter out all frequencies

cy determined by Yl.

except the desired oscillating freouency.

Frequency stability is the primary characteristic of crystal oscillators.
Even so, the need to change or idjust the crystal's frequency somet imes

exists. In some applications,

are required.

‘change its frequency slightly.
called "puliing the crystal,"
either in geries or in parallel with the crystal.
induct ive Or capacitive,

exciting adjustments to the operating frequency

In other cases, aging can effect the crystal's shape and

used, such as the one {C4) shown in Figure 14,

254
' 260

Small adjustments to its operating frequency,
can be made by placing a variable reactances
_ This reactance may be
although commonly a small trimmer capacitor is

is shown
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Figure 14
PIERCE CRYSTAL OSCILLATOR WITH TRIMMER

AT TH1S POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE LESSON TEST. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE

WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU

CAN PESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT

AND USE ANOTHER WRITTEN MEOIUM OR INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.




